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TOLYLENE ~I-ISOCYANATE 

THRE~ WEEK INHALATION TOXICITY IN THE RAT 

SUMMMY 

1. Groups of 8 male and a female rats were 5ubjected to fifteen exposures 
of TOI vapour, each of six hour$ duration over a pe~iod of three weeks. 
The concentrations were: 

Group I air controls 
Group II 0.24ppm 
Group II I - 0. 67ppm 
Group IV 2.83ppm 

2. P~lmonary func~ion, haematology, clinical chemist~y and pat~o l ogicai 
e~aminations were made on the rats. 

3. The rats ex~csed ~o 2.S3p~m ~DI haa recuced ~u lmcnary func:icn ~d 
some hl!ema~ologic .~ · , changes , The other rats stlc·l'let: no chanses in these 
va 1ues. 

4. On gross examination the lungs of animals exposed to 2.S3ppm appeared 
inflth-:l, scme ~~i !lo had r'!ddened patches/areas. Other changes suc:1 as a 
loss of body fat, thymic atrophy and gas and fluid filled intestines were 
seen in a nu~~er of the more severely affected anin 

Microscopic changes attributable to TOI were seen in t~e respiratory 
tract of all animais exposed to TOI. The degree and extent of change 
varied with the concentrations. In the nasal passages, larynx, trac~ea 
and bronchi~l tree the changes seen consisted of epithelial necrosis with 
repar~t. ivt hyperplasia and squamous metaplasia. These were accorr;panied 
by varying degrees of inflarrmatory response. In the lung paren.:.,yma scme 
damage occurred to the alveoli - thfs consisted of collapse, oedema/f~brin 
deposition, histiocytosis. chronic interstitial 1nfla~atory infiltration 
and/or fibrosis of alveolar septa, ac~tt alvto11tis and some e~ithelta1-
i~ation in animals exposed to atmospheres of O.oippm and above. 
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The rats exposed to 0.24ppm TDI shewed sigr.s of minimal nasal irritation, 
which can be attribl!ted to some of the 1 arge excursions in con cent rat ions 
which occurred during the experiment. 

5. TOI is corrosive to the respiratory tract, causing severe toxicity at 
2.83ppm. The no effect level is under Cl24cpm but is probably close to 

this value. 
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TOLYLENE DI-ISOCYANATE 

iHREE WEEK INHALATION TOXICITY IN THE RAT 

SUMMARY 

1. Gr~ups of P. male and 8 female rats were subjected to fifteen exposures 
cf TOI vapour, each of six hours duration over a period of three weeks. 
Tne c oncen~rations were: 

Group I air controis 
Group II 0.24ppm 

Group III - 0.67ppm 
Group IV 2.83ppm 

2. Pulmonary function, haematology, clinical chemistry and pathologica l 

examinations were made on the rats. 

3. The rats ~xposed to 2.83ppm TO! had reduced pulmonary functiol and 
some haematolo~:jical changes. The other rats sho·lied no changes in these 

values. 

4. On gross examination the lungs of animals exposed to 2.33ppm appe ar ed 
inflated, same also had reddened patches/areas. Other changes such as a 
loss of body fat, thymic atrophy and gas and fluid filled intestines were 
seen in a number of the more severely affected animals. 

Microscopic changes attributable to TO! were seen in the respirator y 

trac:. uf all animals expose~ to TOI. The degree and extent of change 
varied with the concentrations. In the nasal passages, larynx, trachea 
and bronchial tree the changes seen consisted of epithelial necrosis with 
reparative hyperplasia and squamous metaplasia. ihese were accompanied 
by varying degrees of inflammatory response. In tl'te lunq parenchyma some 
damage occurred to the alveoli -this consisted of col l ~ p ~e, cedema / f ibrin 
deposition, histiocytosis, chronic interstitial inf1 ammdtory infiltrat ion 
and/or fibrosis of alveolar septa, acute alveolitis and some epitheiiai· 

isation in animals exposed tc atmosphere~ of 0.57ppm and above. 
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1he rats exposed to 0.24ppm TOI shewed s'gns of minima. nasal irritation, 
which can be attributed to some of the large excursions in concentrations 

which occurred during the ~xperiment. 

5. TOI is r,t)rrosive to the respiratory tract, causing severe toxicity at 
2.83ppm. T no effect levei is under Cl24ppm but is probably close to 

this value. 



CTl/T/1286 3. 

l. INTRODUCTION 

Tolylene di-isocyanat2 (TOil is widely used for the manufacture G~ 

polyuret hane products. It is known to cause respiratory sensitization in 
a proportion of those exposed to it, consequently it has a low TLV of 

0.02ppm. The acute toxicity has recently be~n re-assessed (as part of 
Project A7) in these 1 aboratories, and the 1 hour LCSO was determined as 

66ppm. Most of the rats died within 36 hours of exposure and the lung 
appeared to be the target organ. 

The 1 hour LCSO provides data to evaluate the hazard of accidental 
spillages, but it does not provide information about the effects of 
repeat ed exposure, which may be experienced in the work place. The 1 

hour LCSO is below the saturated vapour concentration at zo·c, but it is 
necessary to determine the effects of mul t iple exposures to l0wer levels 

to try to determine a no effect level . 

.. .~, sub-acute toxicity of TDI has been studied previously (Henck et a l 
.' ' ") t-Jut that study was intended to be a si9hting study for the long 
la1·m study being undertaken at Hazelton Laboratories (Europe) and the 
animals w~re exposed to the relatively low concentrations of 0.3 an 

O.lppm. The rats in the study reported here were exposed to a wider 
range of conr.E:ntrations. This study also formed part of a programne 
(Project A7) designed to investigate the toxicity of phenyl i socyanate 
(Phi) and diphenyl di-isocyanato.:methane (MDI). 

This study started on 2nd August 1977. 

2. MATERIALS AND METHCuS 

2.1. Tolylene Oi-isocyan3~e 

Tolylene Di-isocyana.te, as SUPRASE EN, (Batch ASH 2146) a mi xture of 80% 
of the 2,4 isomer and 20~ of the 2,6 i ~omer, · . .,as suppl ied by imper ial 
Chemical Industries Ltd, Organics Division, Blackley (see Appendix 8). 

The sample was give~ CTL Ref. No. Zl285. 
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2.2 Atmosphere Generation 

Atmospheres containing TO! vapour were generated by blowing clean, dry 

air through a sintered glass absorber immersed in TDI iiquid at room 
temperature as shown in Fig. 1. The saturated vapour was diluted by 
direct addition of clean, dry air in a mixing vessel before being led to 
the exposure chamber. The target concentrations are shown in section 2.5. 

2.3. Exposure Chambers 

The rats ~ere housed in chambers manufactured from 'Perspex'R during 

exposure (Ga.ge 1959). The volume of each chamber was 60 litres. The 
structure (shown in Fig. 1), endbles animals to be individually housed 

Juring exposure. The tot a airflow through the chamber· was 8 1 itres/ 
minute. 

2.4. Animals 

Male and female SPF albino rats of the Alderley Park, Wistar derivP.d 

strain, '1Veighing 175-215"3 at the start of the experiment ·Nere used. They 
·..-ere housed four to a 'Nire-bottomed case, 11ith food (Oakes Powder '0' 
pellets) and tap wat ~r avai1ab1e ad libitum except during exrosure 
periods and the collection of urine after the fifteenth exposure. A copy 

of the diet analysis forms Appendix 10. The temperature in the laboratory 
was recorded (see Appendix 11). 

2.5. Atmosphere Analysis 

The atmosphere was analysed for total TOI content by Marcali 's method, 

according to the method of H.M. Factory Inspectorate; using a Cecil CE292 
Digital Ultraviolet Spectrophotometer. The atmosphere in the exposure 

chambers •,o~as analysed at 1e!st three times in the course of an exposure. 
The air sample was drawn through two sintered glass absorbers containing 
10ml ot absorbt ion medium at a rate of one 1 itre/minute for 10 minutes. 

During two days (d!ys 7 and 8) of the experiment the chemicals used for 
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analysis were found to be contaminated and atmosphere samples were 
trapped in ethanol and analysed by high pressure iiquid chromatography 

(HPLC) at Imperial Chemical Industries Ltd. Organics Division, Blackley 
at a 1 ater da-=e. 

2.6. Experimental Design 

The cages were randomly assigned to groups 1 to 4 using a table of 

permutations of the numbers 1 to 4, so there were four cages in each 
grou?. The rats were then allocated to groups using the table of 
permutations. Each cage received one r~t and the process was repeated 
three times. Each treatment group consisted of ~ight male and eight 
female rats. Prior to the first exposure the rats were uniquely 
identified by the attachment of numbered metal tags to their right 

ears. 

The treatment groups consisted of the following animals: 

.. 

Group Target Concentration Male Nos. Ferr.ale Nos. 

1 Air Cont'rol 1- 8 9-16 
2 0.1ppm 17-24 25-32 
1 O.Sppm 33-40 41-48 ... 

5. 

I 
4 2.5ppm 49-56 57-6~J I 

The total number of rats was too large to be subject to full post mortem 

examination on a single day, consequently the rats were split into two 
batches: batch one, consisting of rat nos. 1-4, 9-12, 17-20, 25 ··38, 
33-36, 41-44, 49-52, 57-60, batch two consisting of rat nos. s-a. 13-15, 
21-24, 29-32, 37-40, 45-48, 53-56, 61-64. Batch one was first e,-.posed 

one day before batch two and each batch was subjected to 15 six hour 
exposures on the days shown (Table 1) . 
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2.7. Clinical Condition 

The animals 'Here examined whilst being placed into and removed from the 
exposure chambers and daily on those days when they were not exposed. 
Arly abnonnalitie·s in clinical condition were noted. 

2.8. Body weights 

Individual body weights were recorded, using a !orbal Balance PL12/D, on 
the days shown in Table 1, before exposure. 

2.9. Food and Water Consumption 

ihe food and· water consumed by the four rats in each cage was measured 
over an 18 hour period on the nights shown in Table 1. 

2.10 Lung Function 

The lung function of all the rats was assassed on the d~ys shown in Table 
1, before exposure on the days when exposure was due. The non-invasive 
forced oscillation method described by Swann et al, 1965, and, Hiett, 
1974 was used. 

2.11. Urine Collection and Examination 

At the end of their final exposure period all the r~ts were placed in 
metabolism cages in groups of four and allowed water for one hour. After 
this the water •,<~as renoved and the urine was co 11 ect ed for 18 hours. 
The following analyses •11ere made: Volume, Specific Gravity, (using an 
Atago refractometer), pH, Bilirubin and Glucnse (using 'Bili-Laostix', 

Ames Co) and Protein [using the Biuret method~ C)inir.al Chemistry, 
Principles and Techniques (1964) Henry RJ, 182]. 

2.12. Haematology 

All surviving rats were bled by cardiac puncture on the day specified for 
post mortem on the flow chart (Table 1). The blood was ex~ined, and the 



C'11./T /1286 7. 

following values recorded: Haenoglobin, White cell count, Red blood cell 
count, Mean cel'l vrJlume, Mean cell Haemoglohin, Mean cell Haemoglobin 
concentl·ation, Haematocrit, D1fferential white cell count and Platelet 
count (Ref Dacie and Lewis, 5th Ed). 

2.13. Blood Biochemistry 

Blood was taken by cardiac puncture and analysed for the following 
parameters: plasma urea (Technicon AAII methodology, Marsh et !l 1963), 
Alanine transami.nase, ALT and Aspartate transaminase, AST (measured on 
thP. Vit :1tron 'AKES' using BCl. test !cits numbers 124656 and 124508), 
Sod1~.M and Potassium (measured usins c1 Ccrn1ng 430 Flame Photometer). 

The values for each animal were recorded separ·ately. 

2.14 Post mortem examination and histopathological evaluation. 

Any rats which died during. the course of the experiment and all the 
surviving rats were killed by over expo :- ·e to Halothane B.P. ('Fluothane' 
ICI Ltd), bled for haematological studies and then necropsied. Any 
~acroscopic abnormalities observed at necropsy were recorded. The 
following organs were examined and remov~d: 

Fixed in formal corrosive and processed to slides: Larynx, .Trachea, 
Thyroids, Oiap ~t ragm, Liver (left, right and median lobes), Spleen, 
Kidneys, Heart, Pancreas, Adrenals, Cervical, Mesenteric and Thoracic 
Lymph nodes, Mammary Gland, Salivary glands, Oesophagus, Ovaries/Testes, 
Thymus and Bladder. 

The following tissues were fixed in formal saline: Spinal cord, Nasal 
cavity, Brain, Lun~s (weighed and perfused with 2ml/100g following 
rem~val of the larynx and thyroids), Sciatic nerve, Eyes and any abnormal 
tissues or lumps. 

Tltese tfssues ware processed routinely and 5~ paraffin sect ~ ons cut and 
stained with haematoxylfn and esofn. The sections were then examined by 
light microscopy . Selected sections were recut and stained with a variety 
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of stains which included: Periodic acid schiff, Van Kassa silver tuchnique 
and o i 1 reo 0. 

In addition the following tissues were taken and stored in Formal saline: 
Pituitary, Aorta (Thoracic), Prostate/seminal vesicles, Small intestine 
(duodenum, jejunum, ileum), Large intestine (Caecum, Colon) Skeletal 
Muscle (Thigh), Stomach, Liver (second section), Uterus/Cervix and 
Epididymis. 

2.15 Statistical ~ethods 

Where appropriate ~eans, standard errors of the mean, standard deviation5 
were calculated. Where comparisons ar~ made, Student's t-test was used 
to demonstrate statistical significance. 

2.16 Data Storage 

Original data cltld tissues are stored in Archives, Central Toxicology 
Laboratories, ICI Limited, Ald!rley Park, Macclesfield, Cheshire, filed 
under study No. MR0001. A COPi of this report is held in the Reports 
Centre, Central Toxicology Laborator ·:es, ICI Limited, Alderley Park, 
Macclesfi~ld, Cheshire UK. 

3. RESULTS 

3 1. Atmosphere Concentrations 

The daily mean atmospheric concentrations are shown in Figs. 2,3,1L The 
graphs were prepared from the data in Appendix 1 Tables 1. There '"'as 
considerable v-3riation in all three dose groups, so that the overall 
experimental n;un concentration differed frcm the target concentration as 
shown below. 

Target Concentration Actual Concentration 
Group 2 0 .1ppm + 0.24 - 0.55ppm low dose 
Group 3 O.Sppm 0.67 

... 
- 0.097ppm middle dose 

Group 4 2.5ppm 2.83 
... 
- 0.235ppm high oose 
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3.2. Body Weights 

The body 'lieights of the rats are snown on Figs 5 and 6. The gnphs were 

constructed from the data in Appendix 1, Tab 1 es 2 . The body weight 

ga in of groups 2 and 3 was not sign ificantly different from the controls. 

Both the males and the females of group 4 showed a 'lieight loss after the 

fifth day of e:~posure 'llhich was not regained during the experiment. The 

females of group 4 showed further absolute weight loss frQm day 13 of the 

experiment. 

3.3. Food and Water Consumption 

The food and water consumption are shown in Figs 7 and 8. The graphs 

wer ~ constructed from the data in Appendix 1 Tables 3 and 4. 8oth the 

food and water consumption of group 4 were depressed compared with the 

other three groups. The group 3 animals' food cons umpt ion was slight ly 

depressed compared with the controls on day 18 of the experiment. The 
weight loss in the group 4 rats was associ ·ated ~ith decr ~ ased food 

intake. 

3.4 . Clinical observations and mortality 

Group 1 ·Controls: 

No abnormalities were detected in any of the rats at any time during the 

study. All thE: animals survived until their scheduled sacri fkE" date . 

Gruup 2 • low dose: 

Rat, No.21 (male, batch 2) had blood around its eyes on 4 August 1977 

(O~y 1) Blood stains were present on 6 and 8 August 1977 (Days 1 and 3). 

Blood stains were also noted on 18 August 1977 (Day 13). 

All t he rats in the group showed laboured breathing after exposure on 

12 August 1977 (Days 8/7}. There wc!S a large excursion in the TO! 

concentration on that day (se! Fig. 2). 
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Rats 21-24 (Males, Batch 2) and rats 29-32 (Females, Batch 2) were 
breathing nois1ly on 22 August 1977 (8•y 17). 

All the rats survived to their scheduled sacrifice date. 

Group 3 - middle dose: 

All the rats in the group had difficulty in breathing on 12 August 1977 
(Day 8/i). They all survived to their scheduled sacrifice date. 

Group 4 - High dose: 

All the rats showed laboured breathing after exposure on: 

11 August 1977 - Day 7/6 
12 August 1977 - Day 8/7 
18 August 1977 - Day 14/13 

All the. rats had laboured breathing and had blood around their snouts 
after exposure on: 

19 August 1977 - Day 15/14 
22 August 1977 - Day 18/17 

The rats sh~wed laboured breathing, blood around their snouts and 
pilo-erection on 23 August 1977 (Day 19/18). 

10. 

All the rats showed similar symptoms but were also gasping after exposure 
on 24 August 1977 (Day 20/19). 

The following an 1ma 1s did not survive to their schedu 1 ed sacrifice date: 

Rat 61 (Female, Batch 2) died during lung function assessment on 24 
Augu~t 1977 (Day 19). 

Rat 62 (Female, Batch 2) was killed as moribund on 25 August 1977 (Day 
20). 
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Rat 53 (Male, Batch 2) was found dead 25 August 1977 (Day 20). 

Rat 63 (Female, Batch 2) was found dead on 25 August 1977 (Day 20). 

The remaining animal~ wera killed on schedule. 

3.5. Lung Function Assessment 

The lung function results are shown in Figs. 9,10,11,12,13. The data 
from which these graphs were prepa~ed are contained in Appendix 4, 
Tables 1"-16·. There was a progressive change in the results for the rats 
exposed to top dose. Respiration rate and tidal volume both fell, 
causing a drop in minute volume. Airways resistance increased and total 
thoracic compliance decreased. These changes are consistent with the 
development of nonreversible obstructive changes in the lungs. Neither 
group 2 nor group 3 differed from the control group in any of the 
parameters measured. 

3.6. Urine Biochemistry 

The results of urine analysis are shown in Fig. 14. The data from which 
these graphs were ~~epared are co~tained in Appendix 5, Tables 1 and 2. 
There was a decrease in urine volume in both group 3 and 4. There was 
also a decrease in urinary protein which 'o'las most marked in group 4 
males and gr oup 3 and 4 females. 

3.7. Blood Biochemistry 

The results of the analysis of blood biochemistry Jre ~hown in Figs. 
15 ~ 16. The data from which the graphs were prepared are ccntained in 
Appendix 6, Tables 1-8. There was no difference between the males in 
group 2, group 3 and group 1. However, the males 1n group 4 had elevated 
urea levels. They also showed higher levels of AST and ALT. One rat 
(Batch 1 No. SO) had very high 1eve1s. 

Neither the females in group 2 nor the females in group 3 differed from 
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the ': t.>ntrols. The females in group 4 had slightly elevated AST and Al.T 

1 eve 1 s. 

3.8. Haematol~gy 

Statistical A~alysi~: 

Statistically significant differences wen "'ound between the means of the 

group 1 and the test animals in the following parameters: 

Haemog 1 ob ·in: 

A slight inc·rease in the haemoglobin level was noted in the Group 3 
female animals at 21 days but the increase was marked in both the male 
and female animals in Group 4. 

Haematocrit: 

The haematocrit was moderately increased in the Group 4 animals at 21 
days and the change is haematologically significant. 

Red Ce 11 Count: 

A moderate increase in the red cell count was seen in the Group 4 animals 
at 21 days and the change is haematologically significant. 

Mean Cell Volume: 

The slight decrease in the mean cell volume in the Group 4 animals would 
not, in isolation, be considered haematologi<;ally significant but in vie·.-~ 

of the other results it must be considered a haematologically ~ignificant 

change. 
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Mean Cell Haemoglobin: 

A slight increase in the mean cell haemoglobin was seen in the Group 2 
females but the change is of no haematological significance~ 

Mean Cell Haemoglobin Concentration: 

The mean cell haemoglobin concentration was slightly increased in the 

Group 2 female animals and moderately increased in both the male and 
f emale anima 'ls in Groups 3 and 4. ihe change is haematologically 

significant. 

Total White Cell Count: 

There is a marked decrease in the Group 4 males and this change is of 
haematological significance. 

Absolute Lymphocyte Count: 

13. 

The slight increase in the absolute lymphocyte count seen in the Grou~ 2 
females and the slight decreases in the Group 2 males and Group 4 females 
are not considered to be of haematological significance. However, the 
moderate reduction observed in the Group 4 males is haematologically 
significant. 

Platelet Count: 

The moderate fall in the platelet count observed in the Group 4 males is 
large enough to be of haematological signif i( ance. 

Prothrombin Time: 

The prothrombin time was slightly prolonged in the Group 4 female animals 
but the change is not haematologically significant. 

The markedly prolonged time in the Group 2 males is diff icult to explain . 
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There is a general slight increase in the time in all the animals in the 
group although two results (No. 20 and 23) are much larger than the 
others but the changes are not seen at the higher dos~ levels. 

Kaolin-cephalin Time: 

The markedly increased kaolin-cephalin time in the Group 2 males has the 
same significance as above. 

There were na haematologically significant changes in the following 
parameters: 11ean ce 11 haemoglobin, Abso 1 ute neutroph i 1 ccu ~ ~ , Bone 
marrow. 

3. 9. P a tho 1 ogy 

A summary of the major histopathological findings in selected ti~sues 
is presented in Append i x 9. 

3.9.1. Necropsy findings: On gross examination the following 
abnormalities were seen in the lungs of the group ' 4 animals: 

enlarged/inflated lungs in three males and three females. 
dark red areas on the lungs of five males and s ix females. 
The lung weights were also significantly different from the rats in 
group 1, as shown in Fig 17. The data for this figure are presented in 
Appendix 7 Tables 1-4. 

In addition the following were also observed: 

Lack of abdominal fat in two males and three females. 
thymic involution in three males and four females. 
gas and fluid filled intestines in three males and three females. 

Dark spots/areas/blotches/consolidation were seen in the lungs of 
four males and fiv~ f emale rats from group 3. 
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3.9.2. Histopathology: Lesions attributable to treatment. 

Nasal passages. 

Marked necrotising rhi~itis involving the respiratory and olfactory 
epithelia with varying degrees of reparative epithelia ! hyperplasia was 

seen in all the group 4 animals. 

In all the group 3 animals changes ranging from mild acute rh i n ~ti s to 
moderate necrotising rhinitis with some reparative epithelial hyperplasia 

were seen, while squamous metaplasia and a s l ight submucosal chronic 
inflammatory infiltration occurred in nearly half the animals (four males 
and three females). 

In almost all the group 2 animals (8 ~ales and seven females) some 
epithelial degeneration with a mild to moderate acute · rhinitis a~d 
reparative epithelial hyperplasia ·~as seen, while squamous metaplasia was 
observed in one male and two females. 

Larynx: 

Focal epithelial necrosis/degeneration was seen in ~everal animals (two 
mal~s and three females) exposed to 2.5ppm TOI while reparative epithelial 
hyperpiasia and squamous metaplasia occurred in half the animals. In one · 

male and four female rats mild acute aryngitis was also observed. 

In half the males and six of the fema l es exposed to O.Sppm TQI reparative 
epithelial hyperplasia was seen; in th r ee animals (one male and two 

females) squamous metaplasia •~tas a1so observed while acute laryngi.tis was 
noted in one female only. In addition t o these changes sli~ht submucosal 
chronic inflammatory infiltration was evident in approximately ha l f the 
animals (five males and two females). 

In the group 2 animals reparative epithe1ial hyperplasia was seen in one 
male and twc females while squamous metaplasia and acute laryngitis wer~ 
observed in one male and three females resp ect ively. 
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Trachea: 

Reparative epithel ial hyperplasia was the major change present in the 
trachea of over half the an·imals (four males and six females) from group 

4. In one male and six females some epithelial degeneration was also 
seen while mild t racheitis also occurred in three males and three females. 

In the group 2 and 3 animais the changes seen were similar, though in 

most cases less frequent in occurrence, reparative epithe ~ ~ al hyperplasia 
being present in five males and four females from group 3 and one male 
and one female frcm group 2, while mild tracheitis was seen in only four 
males and onP. female. Same submucosa chronic i:1f l ammatory infiltration 

was present in one ma le from group 2 and five males from group 3. 

Lung: 

At 2.5ppm TDI slight to moderate necrotising bronchitis/bronchiolitis 
with some bronchial/bronchiolar dilatation, bronchial/bronchiolar 

debris/plugging and peribronchial/bronchi olar c;,rnnic inflammatory 
infiltration was seen in the majori~y of animals. Associated with these 

bronchial/bronchiolar epithelial hyperplasia was ob3 :;,"1ed in all animals; 
in one male goblet cell different i ation of the hyperplastic epithelium 

also occurred. In . four female rats this was acco~panied by a little 
polyp formation or submucosal obstructive fibrous proliferation. Some 

squamous metaplasia was present in five males and five females. 

Alveolar changes characterised by oedema/fi brin depos it ion and focal 
histiocytosis were seen in eight males and seven f!ma ! ~s from group 4. 

These changes were accompanied by occasional areas of chronic interstitial 
infiltration/f ibrosis (four males and six females), alveolar/bronch io lar 
collapse (two males an d six females), alveolar epithelialisati0n (three 
males and two females), acute alveolitis (five males and three females) 

and perivascular/ peribronchial neutrophilia (one male and two females). 

In the group 3 animals the changes were similar though less severe; 
slight necrotising bronchitis/bronchiolitis ~ccurring in four males and 
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five females, bronchial/bronchiolar epithelia~ h~perplasia was seen in 

all the animals; this was accompanied by some polyp format ; .... n (one mal~ 
and three females), bronchial/bronchiolar dilatation (one male and two 
females, bronchial/bronchiolar debris/plugging (five males and four 
females) and bronchiolar/alveolar collapse (three males and one female. 

Oedema/fibrin deposition was seen in the alveoli of one male ~nd t~o 

females while focal histiocytosis occurred in half the males and all the 
females. As in the an1mals from group 4 these changes . ..,ere accompanied 

by chronic interstitial inflammatory infiltration/fibrosis (two females) 
and acute alveo 'litis with a~ associated perivascular neutrophilia (two 

males and two females). 

In the animals frcm group 2 minimal changes were seen in the lung; these 
consisted of a little acute bronchiolitis with some associated slight 

peribronchial chronic inflarm1atory infi1tration (one male) and some focal 
alveolJr histiocytosis (one male and two females). 

In addition to the above·changes an increase in the peribronchial/ 

bronchiolar lymphocytic accumulations wa3 seen in six ma les and five 
females from group 2 and all the rats in group 3. Associated with these 
were slight focal areas of chronic bronchitis/bronchiolitis (four males 
and two females and four m~les from group 2 and four females from group 3). 

!ncidental changes: 

Cervical lymph node: 

Focal minimal acute lymphadenitis was seen in one or t•Ho animals from all 

dose groups exposed to TDI. In one .tale and two femalr.s from grotJP 
2 scme haemorrhage and erythrophagocy~osis was seen in the medulla. 

Salivary gland: 

A little mild sialoadenitis was seen in the parotid glands of t hree 
animals (one male and two females) from grou~ 4 and one mal e from group 3. 
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Spleen: 

In the animals from group 4 haemopoiesis was minimal in the majority of 

animals (seven males and eight females), many of these animals having 

small/shrunken spleens on cross section. 

In the rats from group 1 moderate/marked haemopoiesis was seen in three 
males and four females, the remaining animals exhibiting slight to 
moderate haemopoietic activity. 

Minimal haemopoiesis was also observed in two males and three females 
from group 3 and in three females fro~ group 2. 

Thymus: 

Moderate to marked thymic involution was seen in all the males and the 
majority of females from group 4. 

4.. DISCUSSION 

Previous studies of the toxicity of TDI by inhalation have shown th at it 

~cts as a corrosive agent with irritant manifestations proportion a l to 
the exposure level, (Zapp, 1957; Duncan et al, 1962; Nilwenhuis, et al, 

1965). The organ most affected is the lung where TDI causes tracheobron­
chitis with slouqhing of the superficial epithelium. The results of the 
study reported here have confirmed the conclusions of the earlier work. 

A concentration of O.lppm was the target for the low dose group, (group 

2) however, due to the difficulties of gener~ting the low levels in the 
small chambers used, the final average cou~..cntration wa. 0.24ppm. There 
is no completely satisfactory explanation of why the chamber concen­
trations were so difficult to maintain, alt i1ough the air drying equipment 
was r ot performing adequately at this time and TDI is very r.!act1ve with 

moisture. Holland and Rooney, l9i7, detected a 92~ loss of TO[ between 
generation point and chamber at 40% relative humidity, which was 
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apparent '1y caused by reaction with moisture on the surfaces of the 

equipment. It is possible that this massive loss at low levels can occur 
until either the h~midity drops or all the available surface becomes 

covered with 3,3'diisocyanate -4,4'-dimethyl carbanilide as reported by 
Holland and Rooney, 1977. The loss would then be reduced and a very high 
concentration of TO! could result in the chamber. It is obvious that 
with a notential loss of 90~ of a generated TOI atmosphere fine control 
of the generating system to produce the target concentration is at best 
diffic~lt and, if circumstances conspire against it, almost completely 
impossible. 

The exposure that the lowest concentration group received caused minimal 
damage and was confined largely to the upper respiratory tract. The 

damage was most severe in the nasal passage which )s typical of an 

irritant response. Whilst the average concentration this group received 
was 0.24ppm, there were large fluctuations as explained earlier and the 
highest daily average was 0.6ppm which was recorded on twQ days. ihese 
high concentrations could be the cause of the symptoms s~~n. Some 
evidence of nasal and eye irritation was noted in the Dow study (Henck et 
al, 1976) in rats exposed to 0.3ppm, and less severely in rats exposed to 
O.lppm. There was also a decrease in body weight gain in the male rats 
exposed to 0.3ppm in the Dow study which is evidence of a slight toxic 
effect. The Dow rats exposea to 0.3ppm average also received a maximum 
concentration of 0.65ppm. This suggest~ that while 0.2 -0.3ppm cannot be 
considered a no effect level, it is impo~sible to ascribe the effects to 
such a narrow ·band of concentrations. There were no abnormalities seen 
in any of the other parameters or observations made on th~ rats. 

The rats exposed to 0.67ppm (group 3) had more severe damage to the 
respiratory tract. TI1e nasal passages, larynx, trachea and lungs changes 
were consistent with the action of an irritant chemical. The response 
was graded being rnore severe in the nose and laryn ~ ~nd less sever~ in 
the lungs which 1s consistent with a chemical such as TQI which 
reacts in the upper respiratory tract so that the effective concentr3tion 
will be reduced further down the tract, resulting 1n less severe damage. 
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There was l1ttle or no evidence of other abnormalities i~ these animals, 
the damage was confined to the respiratory tract and this was 
not severe enough to cause secondary systemic toxicity. 

The r·ats •,o~h ·ich were exposed to 2.83ppm wer·e severely affected. The 
concentration was large enough to overcome the 1Scrubbing 1 effect of the 
upper respiratory tr2ct and allow the concentration in the lungs to be 
high enough to cause bronchitis, bronchiol~tis and alveolar changes. 
Duncan et al (1962 ) described bronchopneumonia as a complication following 
single exposures of rats and guinea pigs of up to 10pprn of TOI. Broncho­
pneumonia was not seen in this study, and though it is conceivable that 
the difference resulted from multip1e exposures in our studies, it is 
more likely to be a reflection of the pathogen-free status of the 
Alderley Park rats. 

The pulmonary effects were less severe than those reported by Henschler 
et al, 1962 where 10 exposures at 1ppm were lethal to rats and although 
adult rats could withstand 24 exposures to O.Sppm, approximately half the 
young rats .which were exposed died. Most of the deaths were attributed 
to severe pe~ibronchitis ~nd bronchial pneumonia, probably as a result of 
a secondary infection as descri~ed by Niewenhuis et al, 1965. This 
undel'lines the need to use rats free from respiratory infection, in 
inhalation toxicology so that the complications of a secondary infection 
do not potentiate a pathological reaction and make interpretation of the 
results difficult. 

The non-invasive lung function test (Hiett, 1972, Swann et al, 1966) 
only detected the severe changes in the high dose group. However, 
as the rats were tested before exposure, approximately 18 hours after the 
previous exposure, the acute effects of TDI would not have been recorded. 
There ~ould probably have been ~hanges in the io~er dose groups if the 
rats had been tested immediately after exposure, especially on the days 
when laboured breathing was seen in the group 3 rats and this would have 
given a guide to the irritancy of the exposures. Ho~ever, as the back­
ground state of the respiratory tract ~ould be measured at this time, 
the changes in the respiratory tract of groups 2 and 3 were essentially 
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minor as no functional impairment was seen. 

The non-pulmonary changes in the high dose group are probably secondary 
to serious pulmonary damage. The haematological changes can be associated 
witn attempts to augment the oxygen carrying capacity of the blood by 
increasing its haemoglobin content by .the expulsion of red blood cells 
from the spleen which would then assume the shrunken appearance as seen 
by the pathologist. This response is probably a homeostatic mechanism to 
compensate for the anoxia caused by the pulmonary damage. Both the males 
and females in group 4 (high dose) had higher AST and ALT levels, wt1ich 
are probably as a result of the stress inflicted by the serious pulmonary 
damage. 

The reduction in urine volume and protein in the group 4 rats could be 
caused by an effect on the kidney, but as there were no pathological 
changes seen in the kidney, this is probably a result of decreased food 
and water intake caused by the rats• clinical condition. 

Although a •no-effect• level was not established in this study, the 
effects seen in the group 4 rats were minimal and can be attributed to 
the ~xposures to high conl:entrat ions of TDI on days 7, 12 and 14. If, 
therefore, 0.24ppm is taken as a minimal effect level and a safety factor 
of ten is applied a hygiene standard of 0.024ppm would be applied. This 
is no different, in practial terms, to the present ceilng limit TLV for 
TOI of 0.02ppm (NIOSH, 1978). which i~ designed to protect against 

irritation of the respiratory tract as well as sensitisation, and is 
above the time 'Neighted average of .005ppm. Thus this study has 
demonstrated that the TLV is justified on the grounds of irritanc~ alone 
witho.ut taking into account sensiti!liation. 

5. CONCLUSIO~ , 

TOI has been confirmed by this experiment as corro~ive to the 
respiratory tract. The severity of respiratory tract damage 
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varied wit~ the exposure concentration. Severe damage involving the 
whole of the respiratory tract occurred in the rats exposed to 2.83ppm. 
Exposure to 0.67ppm caused less severe damage, and minimal damage confined 
to the upper respiratory tract was seen following exposure to 0.24ppm. 

JED/CG/JO/SJ/GW 
19.12.79 
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TOt SUB-ACUTE HIHALATION STUDY 
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TOLYLENE OI-!SOCVANATE 

THREE WEEK INHALATION TOXICITY iN THE RAT 

APPENDIX 1 

TDI ATMOSPHERE ANALYSIS TABLE 1 

Nomina 1 concentration 
Date Expt 

day 2.5 0.5 0.1 

2.57 0.51 0.107 
2 .. 59 0.49 0.110 '0.103 

1.47 2.53 0.64 0.53 0.12 :0.005 
I 

4/8 0 3.08 ±0.16 0.52 ±0.03 0.09 
2.59 0.64 0.092 
2.72 0.49 0.089 
2.59 0.43 0.11 

I 
2. 5/' 0.512 0.105 

2.541 2.63 0.511 0. 52 0.123 0.116 
5/8 1 ?.611 ±0.04 0.533 :t 'J. 01 0.106 :0.005 

2.68 0.524 0.115 
2.75 0.54 0.133 

... -~ 

2.81 0.516 0.108 
2.48 2.61 0.47S 0.54 0.098 0.111 

8/8 4 2.59 ±0.05 0.59 ±0.02 0.12 ±0.004 

2.58 0.57 0.12 
2.58 0.56 0.11 I 

I 

*by HPLC otherwise by Marcalt values shown are mean ! standard errors 



. ' . 
C7L/T/1286 44~ 

TOLYLENE DI-ISOCYANATE 

THREE WEEK INHALATION TOXICITY IN THE RAT 

APPENDIX 1 - continued 

TDI ATMOSPHERE ANALYSIS TABLE 2 

Nomin ,11 concentration 
Date Expt 

day 2.5ppm O.Sppm 0.1ppm 
X±SEM X:!: SEM X::SEM 

2.66 0.62 0.106 
9/8 5 2.66 2.71 0.62 0.63 0.13 0.122 

2.82 ±0.04 0.66 ::0.0 ~ 0.12 ±0.006 
2:68 0.62 0.13 

. 
10/8 6 2.33 2.33 0.51 0.51 0.11 0.11 

ll/8 7 3.09 2.52 0.461* 0.463 0.631* 0.631 
1. 613 ±0.46 
2.86 

12/8 8 0.59* 0. 344* 
'J.42* 3.33 0.67* 0.624 0.278* 0.307 
1. 916 .. ±0. 79 0.47* 0.306* ±0.014 
4.6~* 0. 17* ±0.06 0.298* 

15/8 11 4.24 4.24 0.4 ... 0.44 

I 
0.19 0.19 

~12 4.00 5.26 0.7 ~.61 0.63 
6.52 ±1.26 ~~ ±1. ,~ 3 0.63 ::0.005 

* by HPLC other•.., is.! cy Marca 1 i values shown are mean .: standard errors. 
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TOLYLENE OI-ISOCYANATE 

THREE WEEK INHALATION TOXICITY IN THE RAT 

APPENDIX 1 - continued 

TOI ATMOSPHERE ANALYSIS TABLE 3 

' Nomina 1 concentrat ·ion 
Date Expt 

day 2. Sppm O.Sppm O.lppm 
X:SEM X:SEM X:SEM 

18/8 14 2.28 2.34 0.6 0.6 0. 53 0.53 
2.39 :0.06 

0.86 0. 08 0.04 

22/8 18 0.61 1. 94 0.05 0.065 0.03 0.030 
2.43 ±0. 76 ±0.02 0.02 :!:0.004 

3.86 0.028 

3.67 3.19 3.0 1. 22 0.18 0. 207 
23/8 19 3.5 t0.40 0.41 ±0.89 0.19 :0.022 

2.4 0.262 0.25 

2.21 0.48 0.10 
24/8 20 2.00 2.39 0.21 0.35 0.0~ 0.15 

3.3 :!:0. 31 0.37 t0.08 0.06 :0.068 
2.04 0.19 

25/8 21 2.51 2.51 0.52 0.52 0.09 0.09 

Overall 2.83 0.67 0.238 
Mean so ±0.88 :t 0.362 !0.206 

SE :0.235 .: 0. 097 :tO.OOS _j -
*by HPLC other~1se by Marca11 values shown are mean ~ stand~rd errors. 
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Group 1 

CAy Batch Batch 
No r II 

0 16 21 

5 33 28 

t 3 31 33 

19 27 26 

FE.'4ALES 

Group I 

Day Batch Batch 
~0 I II 

0 13 14 

5 30 22 

13 26 24 

19 23 2?. 

54 . 

TOLYL~HE OI-ISOCYANATE 

THREE WEE~ INHALATION .TOXICITY IN rriE RAT 

. I 

Group 
Mean 

18 ~ 5 

30.5 

32 

25.5 

Group 
Mean 

13.5 

26 

25 

22.5 

APPENDIX 3 
TABLE 1 

FOOO CONSUMPTION 
{grams/rat/lShours) 

;iroup II ~ Group III 

Batch Batch Group Batch Batch Group 
I II Mean I II Mean 

15 17 16 16 18 17 

36 25 30.5 - 28 28 

26 

I 

27 26.5 ' 27 26 2E . 3 

27 25 . 26 21 19 20 
I 

Group I~ Group III 

Batch Batch, Group Batch Batch Group 
I II Mean I II Mean 

19 17 18 14 16 15 

27 22 24.5 27 21 24 

22 22 22 25 24 24.5 

19 ?.0 19.5 15 12 13 . ,J 

F Group IV 

Satch Batch Group 
I II Mean 

I 18 23 20.5 

30 5 17 .s 
12 19 15.5 

9 '14 11. s 

Group IV 

Batch Batch Group 
I II Mean 

16 13 17 

25 9 17 

14 13 13 . 5 

11 5 8 

I 

I 

I 



MALES 

llatch Batcl Group I 
I II 

Day ' Oay Batch Batch 
No No I II 

I 

0 0 19 21 
s 5 29 29 

* 13 12 27 27 
19 19 37 37 

fEMALES 

I 
Batch Batct. Group I 

( II 

Day ' Oily Batch Batch 
No No I II 

. 

0 0 17 16 

• 
5 5 32 . 30 

13 12 2U I 27 
19 19 25 I ~ I -

* Heans fro. 2 different days 

TOLYLEHE OJ-ISOCYANATE 
TttREE WEEK IIIW.ATION· TOXICITY IN THE RAT 

APPENDIX 3 

Group 
lie aft 

20 
29 
29.5 

128.5 

. 
Group 
OM! an 

16.5 
31 
27.5 
21 

TABLE 2 WATER C~SUHPTION 
(•ls/kat/18 ~ours) 

Group II Group Ill 

Bitch Batch Group Batch Ocltch 
I II .ea,l I II 

20 15 17.5 19 14 
31 27 29 20 27 
28 24 26 28 25 
24 20 22 20 20 

Group II Group Ill 

Batch Batch Group Batch Oatch 
I II .ean I II 

--!------ ---
20 20 20 19 19 
31 25 20 33 21 
26 25 25.5 32 26 
33 H 26 21 21 

Group 
.ean 

16.~ 
27.5 
26. 5 
20 

Group 
n.ean 
--
19 
2.7 
29 
21 

: 

Group IV 

Batch Batch 
I II 

16 19 
28 5 
12 20 
11 22 

-

Group IV 

Batch Batch 
I II 

--
18 20 
29 12 
16 16 
17 17 

Group 
.ean 

17.5 
16.5 
16 
16.5 

Group 
~~~ean 

19 
20.5 
16 
17 

* 

I 

I 

* 

n 
? ....... 
-t ....... ..... 
N 
co 
0\ 

"' "' 
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• t '-1 II I'-"'" 
TABLE l 

·ouys into Study: + 5 Days Treatment Group: I 
I 

Tidal Minute I : Resistance I 

R~t Rate Vol Vol m 1 s/ sec-rn 1 Comp 1 i a1v.:c ! No bpm mls ml s em HzO mls/cm HzO i 
Batch 1 df 801 148 1.8 266 0.13 . 0.07 
Cage 8C2 165 2.8 462 0.14 ... . 0.14 
No 1 

803 185 2.6 481 0.13 0.16 I 
I 

804 203 1.8 365 0.18 0.09 I -- I X 175 2.25 394 0.15 0.11 

SEJ.1 ! 12 0.26 I 49 0.01 0.02 I 
I 

Batch 2 rf' 805 167 2.9 4·84 0.172 
I 

0.118 
Cage 806 153 2.7 413 0.125 0.09 
No 2 807 173 2.6 450 0.106 0.138 I 

808 1.57 2.7 424 0.172 0.118 I 
- 163 2.73 443 0.144 0.108 l 
X I 
SEN ! 5 . 0.06 l6 0.017 0.012 

i 
! 

All d' -X 169 2.49 418 0.144 I 0.116 ! 
SEl1 ! 6 0.88 26 . 

I 

0.009 0.01 I 
Batch 1 ~ I 

j 
809 132 2.4 317 0.255 0.024 

Cage 810 165 2.8 462 0.233 0.1 I 

No.3 811 147 1.4 205 0.277 0.038 
812 185 2. 1 339 0.325 0.078 . 

_j 
...:-. .. 

157 2.18 343 . 0.272 0.06 __j X -- ' . SEJ.1 ± 11 0.3 55 0.02 0.018 
Batch 2 ~ 813 17~ 2.4 413 0.244 0.058 
Cage 814 150 2.6 390 i). 377 0.114 I No 4 

177 0.287 0.057 815 2.4 425 
I 816 182 2.6 I 473 0.255 0.1, 

- I X 170 2.5 425 0.291 0.085 ' -
SEN ± 7 0.06 18 '0.03 0.016 

~ 

All ~·s - 164 384 0.282 0.073 X 2.34 

SEI-1 + 7 o. 15 31 O.Oi7 0.012 I 

i 
-· 

I ~+~ I :~ ... I 166 I 2.41 401 I 0.213 0.094 ' -
I 4 . I . , 0 1 j . 2R 0.03 0.013 



CTl/T/1286 

iASLE 2 
58 . .•. 

Days into Study: Pre Exposure Treii auent Group: II 

Tfdal Minutl'! Resistance 
Rat Rate Vol Vol m!s/sec·ml Canpl i ancr: 
No bpm mls rn1 s em HzO m1s/cm HzO 

.Satc:h 1 ~ 817 140 3.0 420 0.2J. 0.08 
Cage 818 148 2.9 429 0.14 O.l'i 

I No 5 819 160 2.4 384 0.21 0.16 
820 153 2.4 367 0.30 0.1~ 

X 150 2.7 400 0.'22 ·~ 
SEM ! 4 0.2 15 0.0~ 0.02 

Ba tc:h 2 d'1l 821 155 3.4 527 0.182 0.089 
Cage l 822 162 2.5 405 0.134 0.097 
No 6 823 160 2.7 432 0.134 0.099 

824 120 1.6 192 0.106 0 .054 

X 149 I 2.55 389 I. 0.139 I 0.084 · ~ 
SE."' ! 10 0. 37 71 0.016 0.01 

All rl' X 150 2.61 395 I 0 . 1801 : ~ 
SEi., ! 5 0.19 33. u.023 :'. 013 

Batch 1 0 .,. 
825 187 2.0 374 0. 12 . 0.11 

Cage 825 187 2.4 449 0.14 No 7 . 
827 120 3.0 350 0.11 0. iJ 

828 145 2.9 421 0.14 0.10 

X 160 I 2.6 401 0.13 0.110 

SE1~ ! 16 0.2 21 0.01 0.001 

Batch 2 ~ 829 162 2.5 405 0.106 0.061 
Cage 830 165 2.8 462 0. 153 0.113 
No 8 

0. 143 I 831 170 2.0 340 0.054 
I 832 185 1.9 352 0.097 0 1'55 . l ~ I I :\ 171 2.3 0.124 0.071 

SEM ! I 5 I 0.21 I ze I 0.014 I 0.014 I 
All ~·s J( I 165 I . z.42 'I 395 I 0. 125 I 0.089 I 

" S£M ! I 8 ·1 0.15 I i ii I 0.007 I 0.010 I - · I a"'·~ ,( 157 2 .~1 I 395 I 0.153 I 0.098 
I 

SEM ! I I I I 0.013 I I s 0.12 18 0.008 I 
I 



cn/T/1286 
TASL£ 3 59. 

Days into Study: tlre Exposure Treatment Group: trr 

I 
I 

Tidal .'11 nute itesistanc~ 
Rat. Rate Voi Vol mls/sec·tal Ccmp 1 i .!nee 
Ito bpm mls mls en HzO mls/Cil HzO 

Batch 1 ,j4 833 I 110 2.2 242 

I 
0.12 0.043 

Cage 8J4 ! 120 3.0 360 Q. 12 0.113 
He 9 

835 

I 
120 2.2 264 

I 
0.13 0.133 

836 1~0 2.6 364 0. 12 0.119 

X 123 2.5 308 0.125 I 0.102 

I I 
SEM ! 26 0.2 32 0.004 I 0.02 

Batch 2 rl' 8~7 100 I 2.2 220 0.134 0.16 
Cage 838 160 2. 1 3315 0 .143 0 .071 
No 10 8J9 1i2 3.0 5115 0.097 0 . 148 

240 154 2.5 385 0.124 0.095 
t-.-:--

I 147 I 2.45 I I 0. 125 I ll 3154 0.12 
~ l SEM ! I 16 0.20 61 I 0.01 0 .02 I 

All <f' X 135 I 2.48 I .136 I 0.124 I 0.110 I 
' 

SEM ! 13 0.18 48 0.007 I 0. 01 

Batch 1 ~ 841 127 2.8 356 u. 11 0.08 
Cage 
He 11 ~2 160 2.6 4115 0.14' 0.11 

843 117 1.8 211 o. 115 0. 015 
844 155 2.8 4~4 0.10 0.09 

" 156 2.5 354 0.13 0 .09 

SD4 ! l 10 0.2 51 0.02 0. 01 

eatch 2 ~ 845 I 193 I 2.15 502 0.143 0.114 
Clgt 846 170 2.7 . 4!9 o. i4J 0.1015 
He 12 

847 107 1.3 139 0.172 0.065 
848 167 2.5 418 0.143 0.107 -
" 159 2.28 379 0.15 I 0.098 J 
S£."1 ! I 10 0.33 02 ~.007 I 0.011 I 

A 11 ~·s ll I 150 2.39 3157 0.139 I 0.092 I 
SE.\1 ! I I I I 

15 0.27 153 0.012 0.011 ' ' - --11'+~ I 
I 

I I I I lC HZ t 2.43 3S1 0.131 0.101 

Sc:M ! 7 I 0.22 55 I 0.010 I 0.0115 I 
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TABLE 4 60. 

Days into Study: Pre Exposure Treatment Group: IV 

Tidal Minutt Resistance I 
Rat Rate Vol Vol mls/uc-ml Comp1 iance I 

I 

No Oprll mls mls em H20 :n1 stem H20 I 
Batch 1 ~ 849 120 2.6 312 0.220 0.07 
Cage 850 63 3.6 227 0.17 0.06 
No 13 851 153 3.0 459 0.14 0.14 

852 180 2.2 396 0.15 I 0.1; 

~_l129 2.85 I 348 I 0. 17 0.11 l 
SEM '!: 25 0.3 51 0.02 0.03 I 

I 
Batch 2 ~ 853 170 2.9 493 0.134 o. 158 I 
Cage 854 167 2.8 477 o. 134 0.063 I No 14 855 105 1.8 189 0.11 s 0.059 

I 856 165 2.4 396 0.115 0.103 I 
- I I I I i X 152 2.48 386 I 0.125 0.095 

SE."t ~ I 16 I 0.25 59 I o.cos I 0.023 I 
All c(l X 140 I 2.66 I 369 0. 147 I 0.103 ! 

,___j 

I I 
I 

S£M! 14 0.19 41 0.012 C.017 J ! I 

Batch 1 Sj 857 145 3.2 464 0.13 0. 11 I 
Cage 858 160 3.0 480 0.13 0.17 I 

No 15 859 163 2.2 359 0.12 0~05 

860 145 3.0 453 0.20 0.10 

X 153 2.85 434 0.15 0.11 

SEM ! I 5 0.22 27 0.02 0.02 _j 
Batch 2 ? 861 140 1.9 . 266 0.162 0.086 
Cage 
No 16 862 1~5 3.0 465 o. 172 0.083 

863 147 Z.9 425 a. 153 0.110 
864 u= 2.9 412 0.172 0.0815 

X I 1~6 2.58 I 392 I 0. 165 I J.0?3 I 
I 

i l I j I SEH: 3 0.25 4" 0.005 IJ, JJ1 

All ~· s I I I l X I 147 2.76 416 0.1S5 0.10 

I I I I 
I 

SE."I '! 5 0.16 25 0.010 0.012 J 
c-'+2 . 

I I I I I X 144 2. il 392 0 ' 151 0.101 
I I 

SEM ! I I I 
I 

7 0.12 24 0.011 0.010 ' I 



CTL/T/1286 T.\SLS: 5 
61. 

Days into Study: ~ 5 days. Treatment Group 

Rat !lAtt Tfdal 141nute Res1 stancf I Compliance I Vol Vol mls/stc"111 
No bplll Ills mls em H20 mls/c:u rt2o 

Sltc:h 1 ~ 802 150 2.4 360 o. 162 a.064 
cage 802 15a 2.2 330 0.337 o.a51 
No 1 803 177 2. 3 407 0.070 a. a11 

804 202 2.2 444 a.212 a.C65 

X 17a 2.3 335 a. 196 a.a63 

SEM + 13 0.5 25 1), 056 I o.ao4 
Batch 2 a'f 805 185 J. z 592 1). 143 a. 1oo 
Gage 806 17a 2.6 442 \1.223 a.086 
I~ 2 807 15S 2.9 450 0.435 0.060 

8os 155 2. 7 I 419 0. 192 0.071 

X 16a 2.35 I 476 I 0.248 I o.oaz 
SEM + 7 0. 13 I 39 0.064 I 0.009 

All~ X 163 2. 36 431 0. 222 I 0.072 

S£M ~ 7 a. 15 3J 0.041 I 0.006 

Batch 1 ~ 809 132 2.4 31710.255 0.024 
Cage 810 165 2.8 462 0. 233 o. 100 
No 3 811 147 1.4 206 o. 277 0.038 

812 185 2. 1 389 o. 325 0.078 

X 157 2.2 343 o. 272 0.060 

SEM ~ 11 0.3 S!i 0.020 0. 013 

Batch 2 ~ 813 172 2. 4 413 0. 244 c.osa 
Cage 814 ISO 2.6 390 o. 3i7 0. 114 
No 4 815 177 2.4 425 0.287 O.CS7 

816 182 2.6 473 0.255 a. 111 
. . . 

170 2.5 I 425 o. 291 0.085 X -
SCM ,+;, 7 0.1 I 18 0.030 0.016 --All ~·s . 

164 2.34 I 38•1 o. zaz I 0.073 X 

~EM! 7 I o. 15 l ~011 0.012 I 
~ ... ~ X 166 2.45 252 0.072 

~EM! 5 0. 17 I 29 i 0.032 0.009 
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·• iA8L.E"6 

Days int~ Study: + 5 Days Tru tment Group: I I 

Tidal Minute Resistance 
Rat Rate Vol 'lol mls/sec-ml Compliance 
No l)pm mls mls Ql HzO mli/on H2o 

Batch 1 ri' 817 163 z.a 456 0.266 0.122 
cage 818 los 2.4 396 0.405 0.099 
Mo 5 819 160 2.6 416 0.172 0.078 

820 195 1.6 312 0.345 0.071 

j X 171 2.35 395 0.292 0.093 

~ -
SEl~ ! 8 I 0.26 30 0.049 I 0.011 

Batch 2 rf 821 130 I 2.6 

I 
338 0.277 0.037 

Cage 822 143 2.4 343 0. 391 0.053 
No 6 823 147 z. 1 397 o. 1~3 0.053 

824 145 2.4 348 0.420 0.067 
.•. 

141 I 2.53 I 357 
I 

X 0.310 0.052 I 
SEM ! 4 0.08 

' 
14 0.061 I 0.006 

All a" I I X 171 2.36 376 0.303 0.073 

s'E:"l ! 6 0.13. ' 17 0.037 0.01 

Batch 1 ~ 825 150 2.0 300 0.337 I 0.057 
Caga 826 173 2. 1 363 0.289 0.071 
:io 7 827 165 2.7 446 0.300 0.104 

828 155 2.5 388 0.212 0.101 ·--. 
X Hil 2.33 374 0.285 0.083 

SFJii ! 5 0.17 30 0.026 0.011 

Batch 2 ~ 829 165 2.7 4~ 0.223 0.35 
Cage 8.30 157 2.8 440 0.212 0.125 
No 8 831 173 1.8 311 0.325 0.08 

832 155 1.8 279 0.420 o.osa 

·~" I 2.~8 369 0.295 0.153 

I ·-
SEM ! 4 0.28 43 0.097 I 0.07 

All ~· s X 152 2.3 372 o.29oJ 0.118 

SEl-l ! 3 0.15 24 0.026 0.034 
I 

a"+-~ 
. 

159 2.33 I 374 I 0.297 I 0.09.5 I :-: 
I 

I -
SEr~ • I 4 0.14 I 20 0.022 I 0.025 i 

I 



CTl./T/1286 
TABLE 7 63. 

Days into Study: + 5 Days Trutment Group: lit 

--~----~-,-----~-----r---------r-----------c: Tidal Minute Resistance I 
a
0

t Rate 'lot Vol lllls/sec-ml Compl ianc:e 1 
bpm mls 111ls en H2o mls/cm HzO 

I Batch 1 oJ~ 833 140 2. 7 378 0.337 10.089 
Cage 834 170 2. 8 476 0. 233 o. 053 
llo 9 S3!1 152 2.8 426 0.3.12 0.111 

836 155 1.9 295 0.363 0.051 
~x·--~--1-56--~--2-.5-5-+-3-9-4---+---0-.3-1_2__ ~ 

SEM : 6 0.22 39 0.028 0:0151 
Batch Z ~ 837 165 2.2 363 0.244 0.074 

0.073 
0.063 

0.095 

, Cage 838 165 2.2 363 0.243 
Ho 10 83~ 175 2.8 490 0.172 

840 1oo 1 2.4 240 o.1o6 

~x----~1-S1 __ ~_2_._4~_3_6,_4 __ ~1--_o_.,_92--~'---o-.~~ 
SEM : 17 0.14 Sl I 0.033 I 0.007 I 

All a' X 1s3 I 2.48 I 379 o.2s1 o.;;----J 

8 o.12 Jo o.o3a I o.oo8 ·1 
~----,~----+-----~----~------~---------r----------~1 

Batch 1 ~ 841 1!10 J.O 450 0.2!16 0.031 

Cage 842 15!1 2.6 403 0.153 
Ho 11 

Batch 2 ~ 
Cage 
No 12 

All ~· s 

0.09 

843 165 2.4 396 0.212 0.0!14 

844 155 1.6 248 o. 405 o. 06 

X 156 2.4 374 0.259 0.06 
~---+---~--

SEM ! 3 0.29 44 0.054 0.012 

845 

846 

847 

848 

X 

160 

150 

152 

150 

153 

1 • 8 288 0. 202 0 . 11 4 

2.6 390 0.391 0.094 

1.9 289 0.363 0.091 

2.5 375 0.266 0.121 

2.2 3l5 0.306 0.105 
~--~----·----~----+-----~--------~---------~ o.2o 21 1 o.o44 o.oo1 SEH ! 3 b 155 I 2.3 l 35!1 I 0.251 0.081 
j SEM ! 4---l-_.__0_. ,·-7.......1..--1-2-·-+' --0-. 0-30--f-. --0-.-01-1----11 

I 15.. Z.JCJ 367 I 0.257 I 0.073 
~--~----~~----~----~---------r-----------'----...__sEM __ t...:,.l_2 _ _._l_o._to 1 19 1 o.o22 1 o.oo6 J 



CTLIT I 1286. 

TASLE 8 
64. 

Cays into Study : • 5 Cays TreaQnent Group: IV 

Tidal M1nute Resistance 

I Rat Rate Vol Vol mls/sec-m1 COIIIp11ance 
t(Q bpm mls ;n1 s an HzO mls/C:II HzO 

Batch 1 <if 849 162 2.5 405 0.363 0.052 
Ca9e 
Ho 13 a 5o 150 1. 9 285 0.405 0.041 

851 160 2.4 384 0.182 0.08 
8!2 150 2.5 330 0.25~ 0.075 - I I )( 156 2.35 351 0.304 0.062 

SEM ! 3 0. i6 27 0.05 0.009 
9atch Z ff" 853 113 :!. ~ 271 0.212 o.oao 
Caqe 854 1:!5 2. 0 ~so a. 134 0.040 1Co 14 

855· 150 2.4 360 0.350 o. 1 Z5 
856 165 1.7 281 0.212 0 . 04~ 

X 138 . 2.13 I 290 0.227 I 0.073 

SEH : 12 0.17 24 o.o.;5 I 0.019 
All (f'l . -

X 132 2.24 .321 u.Z6o 0.057 

SEM ! 11 J. 11 20 0.034· t 0.010 • 
Batch 1 ~ 857 143 2.4 343 0.115 0.049 
C194 858 145 2.6 J"" .. 0.420 0.101 
~0 15 859 120 I 2.9 348 0.450 0.100 

I 
I 

860 I '• 47 2.2 123 0.391 I 0.077 
~---4-

X 1~!) 2.5:t 348 0.344 0.082 

SEM! 6 0.15 11 0.077 0.012 

Batch 2 ~ 861 150 1.2 180 0.450 0.045 
Ca91 862 175 1.8 lt5 0.244 0.069 
No 15 863 160 1.7 272 0. 435 0.064 

864 150 I 2.0 320 o. 363 o.oeo 
X I 161 1.153 272 I 0.37J I O.OS7 J -
SEM ! I 5 0.17 I 32 0.047 I 0.009 

I All ~· s X I 150 2. 1 310 0.359 
I 

0.073 

~EM ! 5 I 0.19 2l 
I 

0.042 I 0.007 1 
cr'+~ 

. I 148 2. 1 i la I 0.:.112 I o.,:;o l X 

S£1'4 t 4 0.44 14 I 0.029 O.J06 I 



CTt/T/1286 
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TASL£ 9 
Days into Study: + 12 Days Treatment Group: 

Tidal Minute Resistance 
I Rat Rate Vol Vol mls/sec·ml Compl iar.ce 

:'liJ bpn mls mls on HzO m1S/C11 HzO I 

......! 
Batch 1 d' 801 123 2.4 295 0.223 0.058 
Cage 802 125 2.0 250 0.223 0.065 
No 1 

803 107 2.2 235 0.153 0.099 
804 167 2.3 324 0.255 0.047 

X I 131 2.23 29~ n.213 0.067 --
StM ! 13 .. 0.09 33 0.021 0.01 

Bateh Z ti' I 
805 105 3.0 315 0.40 0.049 

Cage 806 100 2.8 280 0.15 0.129 
No 2 807 110 3.0 330 0.36 0.070 

808 110 2.4 264 0.27 1).087 
- 106 I 2.a 297 I 0.30 I 0.084 l X 

I I I 
SEH ! 2 0.14 15 I o.OIS I 0.017 I 

All rl' 
.. 
X 118 2.5 294 0.254 I 0.076 I 

8 0.13 17 0.032 
I 

0.01 SEM ! I 
Batch 1 ~ 809 132 2.4 317 . 0.255 0.024 I 
Ca9e 810 165 2.6 462 0.233 0.1 
No 3 811 147 1.4 206 0.277 0.038 

812 1@.5 2.1 389 0.325 0.078 
-- 157 '- .18 X 343 o.2n 0.06 

SEM ! 11 0.3 55 0.02 0.018 J 
Bitch 2 ~ 813 I 155 2.8 434 0.36 0.053 i C:ago 8"14 120 3.2 ~84 0.40 0.093 I No 4 

815 120 2.8 336 0.29 0.0!6 I 

816 l:JO 3.0 390 0.26 0. 108 .J 
X 131 2.95 384 0.33 I 0.078 

I 

I I I I S£11 ! 8 0.1 20 0.032 0.014 
Fs- I I 

I All )( 144 2.!6 Jl55 0.3 0.0159 I 

c a 0.21 I 28 I 0.02 I 0. 011 _j .. 
I I I I ' rt'+ ~- 131 2.54 I 329 O.Z77 0.07'2 

f SEM ! I 6 I o. 12 : 18 0.027 I 0.007 I .. ---! 



CTl/T/1286 66. 
TABLE 10.... . 

Days into Study: + 12 Days Treatment Group: II 

Rat 
No 

Rate 
bpm 

Tfdal 
Vol 
mls 

Hi nutt 
Vol 
mls 

Resistance 
1 

mls/sec·ml Ccmpliance 
en HzO mls/cm H2o 

Batch 1 r! 817 
C.t~t · 
No 5 818 

140 2.7 378 0.244 " 0.112 
95 2 . 2 209 0 . ~00 0 . 048 

142 2.6 369 0.202 0.057 I 
~·_820~4--1~6~0~~~2.~2~~~2~09~~~-~0~·~33~7---r--~0~.0~6~3--~. 

~x--~~l~J~4-41~z~.~~~~2_9~1.--~~o.~z~s--~l--~o~.0~7~~ 
SEH : 10 a. 33 47 .0.018 iJ. 014 1 

819 

Batch 2 o',l 821 125 2.!; 313 0.28 
Cage 822 140 2.2 308 0.18 

0.097 
0.036 
0.064 
0.081 

No 6 
823 115 2.2 253 0.30 
824 130 Z.6 338 0.29 

128 2.38 303 0.263 0.070 

SEH ! s 1). 10 13 0.023 J.013 

)( 131 2.4 I 297 0.267 0.070 

1'0 0.11 34 

Batch 1 ~ I 825 

Ca9e 826 

165 1. 7 

131 1 . 9 
281 

260 
341 
230 

Ho 7 

Batc:h 2 9. 
Caqt 
Ho 8 

827 

828 

-X 

5D4 ! 

829 
830 
831 

832 

155 I 2,2 

115 2.0 

143 

6 

1~3 

1~ 

150 

145 

1.95 

0.05 

3.0 
3. 2 
1.8 

2.Z 

Z78 

12 

349 

448 
i!70 
31'1 

0.256 

0.021 

0.22 

0.30 

o. 11 

o. 32 

0.008 

J . !lSl 

0.037 

u.OSJ 

0.093 

i 1ss 2. ss I 3_,_7_-+--_o_. _zs_a_..;.... __ o_. o_!5i) __j. 
SE!~! 10 0.33 53 O.OJl 0.012~ 

~~r--+----~--~-----+--~~--------r----· I 
All ~·s x 141 

1 
Z.25 I 337 0.257 0.073 

SUi! 7 0.20 38 iJ.024 I 0.010 i 
~-~----~-~-----~----~---~------~-----------0~+~ X 13'} 2.33 J17 0.262 I 0. 071 I 

s£M: I s .l!_1_o..-!...l _2_:!__:l:.___o._o1_5_.:.1 __ o_.c_o7 _ __.1 
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TASL.£ 11 

Days into Stud~: + 12 Days 

Tfda1 
Rat Rate Vol 
No bpm mls 

Batch 1 ~~ 833 135 2.2 
Cage 834 125 2.5 
No 9 

835 120 2.4 
83~ Tll 2.7 

X 123 2.45 

SEM ' ! 5 0.10 

Batch 2 d' 837 75 3.0 
·. Cage 838 140 3.6 

No 10 
~9 135 3.0 . 840 125 3.2 

X 119 3.2 

SEM! 15 0.14 

An t:/1 X 121 2.83 

SEM! I 7 0.15 

Batch i ~ 841 130 3.0 
Cage 842 137 1.8 
No 11 843 145 1.8 

844 167 2,.0 . 

X 145 2.15 

SEM! 8 0.29 

Batch 2 ~ 845 105 2.0 
Cage 846 125 3.0 
No 12 847 130 3.0 

848 120 3.2 

X 120 2.8 

SEM ! 3 I 0.27 

All ~· s I :t I 132 J 2. 48 

I SEM : 6 0. 22 

cfl+ ~ X 127 2.66 

SEM ~ 5 I 0.20 

67. 

Treatment Group: II! 

Minute I Resistance i I 
1/ol mls/sec-m1 

I 
Comp , . ~nee 

I mls an H20 mls/an HzO 

297 0.377 0.07 
31 3 0.289 0.054 
288 0.192 0.048 I 
305 0.483 0.102 ~ 
301 0.335 I 0.069 I 

5 0.06 .0.01 z I 
225 0.12 0.026 

., 
504 0.45 0.054 I 
405 0.28 0.026 
400 0. 24 0.054 

384 0.27 0.043 

. 58 0.068 0.01 

I 342 I. 0.304 I 0.054 i 
31 I 0.044 I 0. 009 I 

390 0.233 0.088 I 247 0.350 0.049 
251 0.134 0.05 

I 334 0.106 0.073 

308 0.206 0.065 

33 0.055 0.009 
I 

I 
210 0.29 0.076 
375 a. 31 0.067 
390 0.24 0.074 I 
384 0.23 0.095 

324 0.27 I 0.078 

26 0.019 0.005 

I 324 I 0.237 I 0.072 I I 

I 25 I 0.029 I 0.006 I 
I 333 I 0.270 - I 0.062 I 

20 I 0.027 0.005 i 



CTL/T/1286 68. 
TABLE 12 

Days into Study: + 12 Days Treatment ~roup: tV 

I I Tidal Minute Resistance 
Rat Rate Vol Vol m1s/sec-ml Compliance 

r Mo bpcn rals mls en UzO mls/cm HzO 

Batch 1 r/ 849 100 2.7 27D I 0.617 D.083 I Cage 850 127 1.4 178 0.435 O.D33 
Ho 13 851 1.6 224 0.466 O.D63 I 140 

852 100 l.a 180 0.466 0.034 I 
X 117 1.88 213 0.5 0.053 

SEM ! 10 0.29 22 0.04 0.012 

Batch z !1'1 853 90 z.o 180 I 0. 17 0.029 
Cage 854 105 2.2 231 0.223 0.041 
Ho 14 855 145 1.9 276 0.28 0.056 

856 93 1.4 130 0.23 0.023 
·-· I 
X 108 1.86 204 0.225 I 0.037 

SEM! 13 I 0.17 I 31 0.045 I 0.014 I 
A 11 tit X 113 1.88 209 I 0. 361 0.045 I 

! SEM! 7 0.15 18 I 0.055 I·: 0.007 I 
Satch 1 0 857 105 1.8 189 0.420 0.512 I ~ 

Cage 858 142 1.9 270 0.277 0.075 
No 15 859 15! 1.6 248 0.325 0.441 

~0 100 1. 9 190 0.466 0.067 
. 

126 1.8 224 0.372 0.274 I X 

SEM ! 14 0.07 21 0.043 0.118 I 
Batch 2 ~ 861 110 1.8 198 0.62 0.044 
Cage 862 143 1.6 229 0.42 0.024 
~0 16 

I 
863 170 1.6 272 0.42 0.056 
au 157 1.5 236 0. JO 0.043 

lC 145 1.63 234 0.44 ~!__~~ 
SEM ! 13 0.06 15 0.066 0.013 j 

All ~~ s lC 135 I 1.71 I 229 I 0.406 I 0.158 I 
SE!o4 ! 9 I 0.05 

I 
1Z I 0.039 I 0.070 l 

I -
~.~ ~ I 124 I 1. 79 219 I 0.383 0.102 I 

I 

S£M t I 0.08 I 11 I 0.033 I 0.037 
I 

9 I 



CTl/T/1286 
69. T,,.St.E 13· • 

Days into Study: • 1~ Treatment Group: 

Tidal Minute Resistanc9 
Rat Rate Vol Vol mls/sec .. -m1 Comp1f!nce 
~0 bpm m1 s m1s an HzO ml<:./cm H2o 

Batch 1rf 801 170 2.6 I IT 
0.182 0.06 

Cage 802 90 2.2 ' . 198 0.337 0.06 
No 1 

803 115 2.0 230 0.902 0.053 
804 150 2.4 360 0.575 0.059 I 
X 131 2.3 308 0.499 0.058 

SEM! 18 0.13 57 o. 1 I 0.002. I 
8& tc:h ~ d"l 805 

rm 
.l.5 558 0.255 o. 125 

I C4ge 8015 140 3.2 448 0.405 0.476 
No 2 807 130 3.4 442 0.300 l O.OSJ 

I 808 135 3.0 405 0.244 I 0.059 
.. .. 

I 
I 

X 140 3.3 463 0.301 0.186 I 
SEM ! 4 0.13 I . 33 0.37 I 0.098 I 

All (/! X 136 I 2.8 I 385 0.400 I 0.122 I 

SEM ! i 9 0.21 - 42 I 0.083 0.051 

Batch I ~I 809 150 2.4 360 0.435 0.053 
Cage 810 135 2.4 324 0.77 0.077 
~0 3 811 150 2.4 360 . 0. 596 0.146 

812 160 1.4 224 0. 391 0.05o 

- 149 2.15 31" 0.548 I 0.083 X 

SEM ! 5 0.25 32 0.086 0.022 

Batch 2 ~ 813 150 2.2 . 330 0.312 0.068 ! 
Ca··• 814 145 3.4 493 0.363 IJ. '6 

I • ' 815 150 2.6 J90 0.255 .; , ;oa 
816 175 3.6 630 0.266 0.125 I 

I 
I 

I 
lC 155 2.95 461 0.299 0.115 I 

I 

SEJ1 ! I 7 I 0.33 I 66 0.025 I 0.038 I 
~,.~~ I ·- I X I 158 2.55 389 0.424 0.099 

SEM ! I 4 0.24 I '43 I 0.063 I 0.015 i 
I I 

~+~ I 2.68 I 387 I 0. ••12 I 0. 111 I 
lC 144 ~ 

I I I I 

SE~ ! 5 0.15 29 0.05 0.026 I 

I I 



CTl/T/1286 
iASL.i 14 · 

70. 
. ~ 

Days into Study: + 19 Days Treatment Group: II 

Tidal Minute Resistance 
Rat Rate 1/ol 1/ol mls/sec·ml Camp 1 iance 
No bpm mls mls Qll HzO m1 s/c:n HzO 

Bat::h 1 rt 817 135 3.Z 432 0.68& 0.04 I Cage 818 150 3.4 510 0.300 0.053 
No 5 

819 125 3.2 400 0.518 0.095 
820 150 2.8 420 0.353 0.065 

X 140 2.9 441 0.467 ··;H I 
SEr~ ! 6 0.66 24 0.087 I 0.012 

Batch 2 ~ 821 130 3.2 416 0.289 a. 136 
· Cage 822 120 2.0 240 0.289 0.033 

No 6 
823 80 2.a 224 0.391 0.130 
824 130 3.8 494 0.244 0.05 

- 115 I 0.303 I 0.088 

I 
X 2.95 344 

SE.lo! : I 12 I 0.3771 66 0.031 I 0.027 I 

All a" X 123 I 3.05 392 I 0 . . 385 I 0.075 I 

SEM ! a 0.27 I 53 . 0.075 0.020 

Batch 1 ~ 82S I 135 I 2.0 270 0.377 0.04 
Cage 826 180 2.6 46a 0.312 0.056 

; Mo 7 

I 

L 
827 140 3.0 420 0.289 0.114 
828 135 3,.2 432 0.266 0.083 

X 148 I 2.7 39! 0.311 0.073 

SEM ! l 11 0.26 42 0.024 I 0.1)16 I 
B!tc:h 2 ~ ,gzg 150 3.4 510 0.518 0.036 
Cage 830 130 2.8 364 0.312 0.065 
No 8 

831 125 1.2 150 O.S18 0.036 
aJ2 165 1.4 231 0.337 O.O!i 

X I 143 2.2 I 31~~ I ~. 047 

SEM : 9 0.!4 I 79 0.062 I .J. J07 I 
All ~· s X 145 2.45 356 0.366 I 0.06 

I SEM ! I 9 · I 0.41 I 63 I 0.050 I 0.014 

~.~ X 136 I 2.75 I 374 I 0.376 I 0.088 I I -SEM t 11 I .). 13 l 57 l 0.061 I 0.04 J 



CT\./T/1285 

TABL£ 15 
71. 

Oays into Study: + 19 Days Tr!atment Gr~up: III 

Tidal Minute Resist!nce I 
Rat Rate Vol Vol mh/sec-ml Compliance I 

I No bpm mls ml s en HzO ml s/c::n HzO I 

i 

Batch 1 rl 833 130 3.6 468 0.35 0.058 I Cage 834 125 3.4 425 0.363 0.053 I No 9 835 1 OS 3..2 336 0.312 0.06 

I CJ6 120 3.6 432 0.466 0.077 

I I I I 
X 120 3.45 415 0.37j 0.062 

SEM ! 5 0.1 28 0.033 
i 

I 0.005 

Batch 2 I' 837 110 2.8 308 0.277 0.091 
Cage 838 100 2.0 200 0.289 0.063 
No 10 

h~' 
105 2.4 252 0.419 0.079 

;AO 105 3.0 315 0.312 0.167 

105 2.55 274 

I 
0. 324 I a. 10 j SEM ! I 2 0.22 I . 32 0.033 I 0.023 

All ri' 
. 

113 3.0 342 0.349 I 0.081 ·-' 
X 

S£.11 ! I 4 0.02 33 O.C23 I 0.013 

Batch 1 ~ 841 130 3.8 494 0. 391 I 0.119 
Cac;e 842 150 3.2 4SO 0.287 0.080 
No 11 843 140 3.2 448 0.391 0.050 

844 125 2.6 351 0.363 0.038 

- 139 3.2 443 0.358 0.072 I X 

SEM ! 4 0.25 32 o.ozs 0.018 I 
Bat:h 2 ~ 845 1 so 2.8 ~20 0.337 O.OG 
Cage 846 125 1.0 125 o .. 51:3 0.06 No 12 847 150 3.0 430 0.331 0.06 

I 848 130 J.S I .t60 0.25~ 0.06 

~? 2.6 3154 0.375 0.06 I 
i SEM • 1 7 I 0. 56 ao 0.055 0 . . I All ~'$ 139 I I I X 2.90 ~~~ J. 367 o.o6u ' -

I SiJ4 ! 4 I 0.30 I 43 0.029 I J.00-3 I I -
~ .. ~ X 126 2 .. 9S I 373 I O.J53 I 0. J73 I 

' I 

SE!1 : 4 0.18 27 I J .. ula I IJ. •)Q(l I 

' 
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i'P.SLE 16 . 7~. 

OJys into Study: + DOays Treatment Group: IV 

Rat 
rio 

Rate 
bpm 

Tidal I' Vol 
mls 

Minute 
Vol 
mls 

Resistance I' 
ml s/sac-ml · 

em H2o 
~o::1o1 iall'=! 
ml s/c:n H20 

Batch 1 

Cage 
No 13 r/1 ::~ ~~~ ~:: ~~ ~:~~ ~ : ~:~ 

851 65 1.2 78 0. 391 I 0.060 I 
xar:....;;z_.._l_:o-

5 
-+--~-: -:5___..,__: :-:-----t--:-: -::-:--~1 ~: ::: l 

t----~~-s_EH_:-+-9--+--o_._lJ--!-2-s_-+-1 _o_._os_9 __ 7r_-·· o ·~ 
Batch 2 o' 853 35 o.~ 21 0.596 0. 05 

~~91114 854 125 1 . 0 125 0. 596 0. 063 
855 110 1.6 125 0 .5 5 ~ 0.042 

856 7 5 2 • 0 1 50 0.377 CS5 
1-:----!---..:.......--_,...--___;f-----··-~·---·--· ----1 

as l 1..1 11s I o.531 1 o.o5z 1 
SEH: 20 I 0.31 . 34 0.052 I . 0.004 

~----~--+---~-
All a-' I X I . " t-----t--8a_-+_,_._4J--r--1-~<l __ ~_o_._s,J_2 __ ~~---

SEH !: 10 0.16 19 o.a36 I o . cu~ 
1 

Batch 1 ~ 857 85 1, .; 119 0 . 555 0.095 
Cage 

1 
No 15 

Batch 2 ~ 
Cage 
No 16 

858 

859 

860 

as 1.4 119 o.soo o.os:; 
lOS 1.6 168 0 .391 0.053 

125 1.2 50 0.337 0. 063 
~--~----+-----r-----+-------~--------~---

)( 100 1.4 139 o.44o o.069 

SEM ! I 
961 

862 
863 
364 

10 o.os 1 12 o.o5o o.oa9 J 
70 0.8 56 0.663 0.016 

'100 0.6 60 0. 575 0 :123 
130 o.a 104 o.8oo o.cJJ 

0 i td CJerOrt tU t ~-c-mp_l_oe_t 1-1 c1f-n--0 -. 7-1 -4 ---!--------

~--+--__,i-

100 o.73 1 7J ._J_.....:...I __ o._6sa_--+l __ o_.o_24--· 1 

.~-~--~s-~ __ :~l--1_7_~_o_.o_s_7_.l __ '_s __ _.l ____ o_.o_4_7 ___ ~1---o-._o_os _____ -l~1 
I All h ~ i 1 100 1.11 

1 

no o.S67 o .aso· ~ 

~- I:·· ! I .: ~::: ! ,;: ::::: ::::. I 

L ___ .~~rl : 1 7 0.11 1 lJ o .032 o. oo5 



Batch No Group 

1 1 

I 
2 1 

I 
1 2 

2 2 

1 3 

2 3 

1 4 

2 4 

TOLYLENE OJ-ISOCYANATE 
TtmEE WEEK INHALATION TOXICITY IN TilE RAT 

APPENDIX 5 
TABLE l URINALYSIS - HALES 

1 
Vo 1:Dt: pH I Specif 1c Protein Glucuse 

(Ill) Gravity mg/rat 

28.0 6.0 1.043 15.96 -ve 

26.0 6.0 1.047 13.39 -ve 

32.0 6.5 1.032 11.20 -ve 

20.0 6.0 1.048 10.50 -ve 

12.5 6.0 1.049 7.7fJ -ve 

20.0 6.0 1.044 9.05 -ve 

9.0 6.0 1.048 0.54 -ve 

4.0 6.0 1.032 0.00 -ve 

Bill rub in I c-.ents 

I 

-ve 
-ve Blood in 

I sample 

-ve Blood in 

sample 

-ve Blood in 

sample 

-ve 

-ve 

-ve Trace of 

blood 

-ve Ill ~od in I s a..~ j:: ~ e 

i 
I 

I 

~ ....... 
~ ....... ..... 
N 
(D 
0\ 

..... 
(._.) 



Batch No lf-oup 

I 1 1 

2 1 

1 2 

I 2 I 2 

1 3 

2 3 

1 4 

2 4 

- ----- ----- L__ I 
*Only one rat 

TOLYlENE OJ-ISOCYANATE 
THREE WHK INHALATION TOXICITY IN THE RAT 

APPENDIX S 

TABLE 2 URINAlYSIS - FEMALES 

Vo lt.ne pH Specific Protein Glucose 

(1111) Gravity mg/rat 

25.0 6.0 .il.041 1.44 -ve 

20.0 6.0 1.044 0.38 -ve 
i 

30.0 6.5 1.032 2.10 -ve 

11.0 6.0 1.038 0.77 -ve 

3.5 6.0 1.048 0.00 -ve 

NO SN1PlE 

I NO SAMPlE 

4.5* 6.0 1.040 0.00 -ve 

-----

Bilirubin c ..... nts-

-ve 

-ve 

-ve Blood in 

sample 

-ve Blood in 

SCMI\P 1 e 

-ve 

-ve One rat 

died in cage 

n 
-4• . .---4 -.... "1 . 
Q) . 
0'1 

....., 
~ 



Batch No Rat No 

01 

02 

1 03 

I 04 
-
X 

SOt 

05 

06 

2 07 

00 
-
X 

SEH 

-
Group over all 

X 

SEH 

1/S = Insuf ficient Sample 

TOLYLENE OI-ISOCYAHATE 

THRH WEEK I IIHALA TI ON TOXIC ITY IN mE RAT 

APPENDIX 6 

TABLE 1 BLOOD BIOCIIEHISTRY - GROUP I HALES 

Urea All Sod illft 

(aeg/10011) (mUi•l) (~~g/10081) 

33 8 347 

32 11 340 

37 6 350 

41 12 345 

35.8 9.3 345.5 

2.1 1.4 2.1 

46 10 345 

48 15 347 

51 I/S 340 

44 14 352 

47.3 13.0 346.0 

1.5 1.5 2.5 

41.5 10.9 345 .8 

2.5 1.2 1.5 

-~ 

Potassium 

{~ng/100111) 

25 

25 

23 

28 

25.3 

1.0 

-
20 

20 

19 

21 

20.0 

0.4 

22.6 

1.1 

AST 

(mU/111) 

23 

47 
1/S 

1/S 

35.0 

6.9 

41 

67 
1/S 

34 

47.3 

10.0 

42.4 

7.36 

'1· r -.... -~ N 
(D 
0\ 

......, 
C.11 . 



TOLYLENE 01-ISOCYAHATE 

THREE WEEK INHALATION TOXICiTY IN THE RAT 

APPENOI~ 6 - continued 

TABLE 2 BLOOD BIOCHEMISTRY - G.'<OUP I I HALES 

Urea ALT SoditA Potassillll AST 

Batch No Rat No (•g/lO<Rl) (~tU/Ial) (mg/100n1) (mg/100al) (atU/ml) 

t 17 42 8 345 20 35 

18 47 6 352 21 37 

19 35 7 343 24 44 

l 20 34 1/S i/S I/S 1/S 

x 39.5 7.0 346.7 21.7 38.7 

SEM 3.1 0.6 2.1 1.2 2.7 

21 47 7 345 23 36 

22 38 fi 347 24 43 

23 41 14 340 20 s9 I 

2 24 46 13 343 21 48 

i 44.5 10.5 343.8 22 46.5 

SlM 2.2 1.8 1.5 0.9 4.0 

' 

- I 

C- 1' X 42.0 9.0 345.J . 21.9 43.1 I 
u. oup over a • 

3
_ 
2 

j 

. S£M 2.0 1.2 1.4 0.7 -~ 

1/S lnsuff icient S.-p le 

·;I 
"' -f -..... N . 
0) 
0\ 

~ 

~ 



Batch Ho Rat No 

33 

34 

35 

1 36 
-
!( 

SEH 

37 

38 

39 

2 40 
-
X 

I SEH 

-
Group overall X 

SfH 

TOLYLENE 01-ISOCVANATE 

THREE WEEK INHALATION TOXICITY IN THE RAT 
APPENDIX 6 - continued 

TABLE 3 BLOOD BIOCHEMISTRY - GROUP Ill HAlES 

U!·ea All SodhJI 

(•g/lOOai) (mU/111 i (mg/100a1) 

55 8 350 

39 7 345 

37 8 340 

47 8 340 

44.5 7.8 343.8 

4.1 0.3 I 2.4 
I • 

43 10 347 

45 • 12 345 

41 10 347 

44 10 345 

43.3 10.5 346.0 

0.9 0.5 '0.6 

-13.9 9. 1 344.9 

2.0 0.6 1.2 

Potassi .. 

(119/10011 1) 

20 

25 

21 

23 

22.3 

1.1 

20 

19 

19 

23 

20.3 

0.9 

21.3 

0.8 

AST 

{mUiml) 

34 

53 

57 

40 

46.0 

5.4 
I 

40 

42 

46 

-l4 

43.0 

1.3 

~ 6 

_j 

n 
? --f -..... N 
0) 
0\ 

....... ...... . 

• 



TOLYLENE OJ-ISOCYANATE 
THREE WEEK INI~TIOH TOXICITY IN THE RAT 

APPENDIX 6 -continued 
TAP.LE 4 BLOOD 810CHEHISTRY - GROUP IV HALES 

Batch No Rat No 
Urea 

{~~gi100.1) 

ALT 

(~tU/111 1) 

Sod ttJII 

(mg/100111) 

Potass1tn 

(mg/100nl) 

AST 
(llll/111) 

49 46 12 I 34 7 25 52 
50 91 66 343 20 195 . 
51 79 1/S I/S 1/S 1/S 

I 1 I 5~ 54 10 352 23 54 
I I X 67.5 29.3 347.3 22.7 100.3 I :;[H 10.~ I 18.4 2.6 1.5 47.4 

I I 53 I I No s-vle I I I I 
.... 
L 

Group overall 

J/S Insufficient Sil!lllple 

54 1/S I 15 

55 80 I 1/S 
56 64 

X 

SEH 

-
X 

SfH 

62.0 

2.0 

72.3 

7.3 

I 
I/S 

15.0 

25.8 

13 .5 I 

1/S 

!/S 

1/S 

)47.3 

2.6 

1/S 

1/S 

1/S 

22.7 

1.5 

68 

1/S 

1/S 

68.0 

92.3 

34.4 

n.. 
? ·· --· -..... "' CD 
0\ 

...., 
00 



Batch No 

. 

1 

2 
i 

Group over a 11 

_ ·. No 

09 

10 

11 

12 I 
-
X 

SEH 

13 

14 

15 

16 
-
X 

SEH 

-
X 

SEH . 

TOLYLENE 01-ISOCYAHATf 
THREE WEEK INHALATION TOXICITY IN THE RAT 

APPENDIX 6- continued 
TABlE 4 BlOOO BIOCHEMISTRY - G!lOUP I FEMALES 

Urea All Sod ita 

(~~g/100. 1) (.U/111) (mg/100n1) 

55 8 347 

46 9 1/S 

43 1 340 

No s.-p1e 

40.0 8.0 343 .5 

3.6 0.6 I 3.5 

57 6 347 

46 6 345 

57 7 350 

70 7 347 

58.0 - 6.5 347.3 

4.5 0.3 L.G 

53.7 7.1 346.0 

3.4 0.4 1.4 

-- ~-~--------

Pot ass 1u. 
(mg/lOOii 1) 

27 

liS 
23 

25.0 

2.0 

20 

23 

19 

I 21 

20.0 

C..9 

22.2 

1.2 

AST 

(..U/ml) 

31 

46 

38 

38.3 

4.3 

34 

36 

46 

36 

38.0 

2.7 

38.1 

2.2 

I 

! 

I 

I 

n 
-i 
r---t -..... N 
CJD 
0\ 

...... 
~ . 



Batch no Rat No 

I 25 

26 

27 

1 28 
-
X 

SEH 

29 
I 3{j 

3! 

2 32 
-
A 

SEH 

-
Group over a 11 l( 

SEM 
~~---- - -- - - · ----- - -- -

TOLYlENE 01-IStCYANATE 
TIIREE WEEK INtiALAT!OH TOXICITY IN THE RAT 

APPENDIX 6 -continued 

TABLE 6 BLOOD BIOCHEMISTRY - GROL1P II FEMALES 

Urea AlT Sodh.a 

(•g/100111) (mU/m1) (nh)/10011 1) 

52 I 3 34ff 

No saaa~ 1 e 

49 6 340 

49 8 340 

50.0 7.3 341.6 

1.0 0.7 1.7 

54 8 340 

63 0 345 

73 7 343 

61 9 347 

6~.0 8.0 I 343.8 

).9 0.4 1.5 

. 
57.3 7.7 342.9 

3~--_L 0.4 1.1 
--

Potasshn 

(mg/10011) 

23 

22 

19 

21.3 

1.2 

20 

20 

19 

24 

20.8 

1.1 

21.0 

0.8 
----

,'\ST 

(mU/m1) 

62 

40 

51 

51.0 

6.4 

46 

34 

38 

43 

40.3 

2.7 

44.9 
3.5 

- -- ----- - ----

il 
~ -~-~~ 
Q) 
CJ\ 

Q) 
0 



;-

Batch No Rat Ho 

41 

I 42 

I 43 

1 I 44 
I - I X 

Sf.H I 
, 
46 

47 

2 48 
-
X 

SEH 

-
Group overall X 

$£H 

-
1/S Insufficient sample 

TOLYLENE 01-ISOCY .4ATE 

THREE WEEK It4HALATI\Mt TO~J~ITY IN THE ~T 

APPENDIX 6- contin~ed 

TABLE 7 BLOOD BIOf.HfHISTRY- GROUP III FEMALES 

Urea ALT Sodia..t 

(•g/lOC.l) (mU/111) {mg/100.1) 

46 7 340 

54 6 334 

54 5 352 

No sample I 
51.3 6.0 342.0 I 

2.7 0.6 5.3 

r.o scnp le 

58 !/S i/S 

No sample 

49 , 7 347 

53.5 7.0 347.0 

4.5 - -

52.2 6.3 34.75 

2.1 0.5 3.Bl 

Pot ass h.a 

(~~g/lOOn l) 

23 

20 

22 

21.7 

0.9 

1/S 

21 

21.0 

-

21.5 

0.6 

AST 

(mU/Ail) 

50 

44 

38 

44.0 

3.5 

- -

1/S 

47 

47.0 

-

44.8 

2.6 

I 

l 

n 
;::J 
... , ... ...... ...... 
N 
0) 
Ch 

{.&) 

.. 



l 
Batch No Rat No 

57 
58 

59 

1 60 

)t 

S£H 

61 

62 

63 

2 64 
-
)( 

SEH 

-
Group. overall X 

SEH 

TOlYlfN£ OJ-ISOCYANATE 
THREE WHK INHAlATJOH TOXICITY IH TilE RAT 

APPENDIX 6 - continued 

T.A.BlE a BLOOD BIOCHEy.ISWY - GROUP IV FEMALES 

T Urea I AlT Sod lllll 

(1119/lOOnl) (ruU/ml) (mg/lOOnl) 

51 17 347 
No sample 

No sample 

58 11 345 

54.5 14.0 346.0 

3.5 3.0 1.0 

No SiiiRple 

No SclCRP 1 e 

No sillllp le 

No s cl.11Jl 1 e 

I 

I I 
54.5 14 . 0 346.0 

3.5 3.0 1.0 

Potasshn AST 

(mg/lOOnl) (mU/ml} 

19 74 

24 55 
21.5 64.5 

2.5 9.5 

21.5 64.5 

2.5 9.5 

I 

! 

I 

n 
:;:1 

" -4 
;:r 
N 
(J) 
0\ 

co 
N . 



CTL/T/1286 

Group I 

Rat No 

801 
802 
803 
804 

X 

SEM 

Group II 

Rat No 

817 
818 
819 
820 

X 

SEM 
L. 

TOLYLENE 01-ISOCYANATE 

THREE WEEK INHALATION TOX !CITY IN THE RAT 

APPEND I X 7 

Bat::h I 

LUNG WEIGHTS - MALES 

TABLE 1 

Batch 
. 

II 

Body wt Lung wt ILllng % Body Rat No Body wt Lung wt 
(g) (g) (g) (g) 

263 1.338 0.509 I 805 303 1. 565 
252 1.556 0.617 806 265 1. 218 
268 1.309 0.488 

I 
1307 282 1.368 

278 1.536 0.553 808 267 1.323 

265 1.435 0.542 279 l. 016 
5 0.065 0.029 9 0.288 

Group 272 1.402 mean 
SEM 5 0.047 

-· 
Batch I Batch r I 

-· 
Body wtiLung wt Lung % Body Rat No Body wt Lung wt 

(g) (g) (g) (g) 
-

281 1.347 0.479 821 255 1. 223 
274 1. 247 0.455 822 250 1.353 
280 1.447 0.517 823 261 1. 391 
245 1.183 0.483 824 255 1.546 

270 1.306 

I 
0.484 255 1.378 

8 0,058 0.013 2 0.066 

Group 263 1.342 mean I SEM I 5 0.043 
I 

83. 

Lung % Body 

0.517 
0.460 
0.485 
0.496 

0.490 
0.01 

0.516 
0.01 7 

--~-

Lung % Body 

0.480 
0.541 
0.533 
0.606 

0.540 
0.026 

0.512 
0.017 
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TOLYLENE OI-!SOCYANATE 

THREE WEEK INHALATION TOXICITY IN THE RAT 

Group III 

8Jtch I 

Rat No Body wt Lung wt 
(g) (g) 

833 244 1.485 
834 253 1. 491 

. 835 253 1.423 
836 272 1. 761 

X 256 1.540 
!:lEM 6 0.075 

I 

Group IV 

Batch I 

Rat No Body wt Lung wt 
(g) (g) 

849 187 1.506 
850 157 1. 561 
851 156 1. 675 
852 185 1.497 

x 171 1.560 
SEM L9 0.041 

APPENDIX 7 -continued 

LUNG WEIGHTS - MALES 

TABLE 2 

Batch II 

Lung % Body Rat No Body wt Lung wt 
( y) (g) 

0.609 837 241 1.339 
0.589 838 239 1. 230 
0.562 839 239 1. 311 
0.643 840 279 1. 5 ~ 5 

-
0.602 250 1. 351 
0.018 10 0.062 

Group 253 1.446 mean 
SEM 5 0.058 

Batch I I 

Lung % Body Rat No Body wtllung wt 
(g) (g) 

0.805 853 . - -
0.994 854 196 1. 718 
1. 074 855* 172 1.758 

I 

0.809 856 180 . . 570 ' 

Lung ~ 8ody 

0.556 
0.515 
0.549 
0.547 

0.542 
0.009 

0.572 
0.015 

Lung % Body 

-
0. 877 
l. 022 
0.872 

taJ luazf 0.921 0.924 
0.068 i 0.05T 0.049 

~~2 Group 0. 922 roo an 
SEM 6 I 0. 039 I l). J41 

*Blood ~ aken before weigh ing 



CTL/T/1286 

Rat No 

809 
810 
811 
812 

X 
SEM 

Rat No 

825 
A26 
827 
828 

X 

SEM 
I 

TOLYLENE DI-ISOCYANATE 

THREE WEEK INHALATION TOXICITY !N THJ:: RAr 

Batch I 

Body wt Lung wt 
(g) ( 9) 

206 1.101 
202 1.132 .... .. , 
C::..L. 1.112 
220 1. 259 

210 1.151 
4 0. 037 

. 

Batch I 

Body wt Luny wt 
(g) (g) 

203 1.178 
1n 1.046 
213 1.203 
190 1.998 

200 1.106 
5 0.050 

APPENDIX 7 - continued 

LUNG !~EIGHTS - FEMALES 

TABLE 3 

~ 

Batch II 

Lung t Body Rat No Body wt t Lung ·wt 
(g) . (g) 

0.534 813 ~27 1. 226 
0.560 814 233 1.200 
0.527 . 815 211 -
0.572 816 202 1. 244 

0. 548 218 1. 223 
0. 011 7 0.013 

Grou~ 214 1.182 mean 
SEM 4 0.025 

Batch II 

Lung ~ 3ody Rat No Body wt L.ung · .• 
(g) (g) 

o. sao 829 212 1.185 
0.545 830 204 1.171 
0.565 831 208 1. 019 
0.525 832 191 1.077 

0.554 204 1.113 
0.012 5 0.039 

Group 202 1.110 mean 
SEM 3 0.029 

as. 

Lung % Body 

0.540 
0.515 

-
0.616 

0.557 
0.030 

0.552 
0.013 

-
I 

Lung % Body 

-·-
0.559 
0.574 
0. 490 
0.564 

0.547 
0.019 

0.550 
0.011 



•. ·. CTL/T I 1286 

Group III 

Rat No 

841 
842 
843 
844 

X I 
I 

SEM ! 

Group IV 

Rat No 

857 
858 
859 
860 

x 
SEM 

TOLYLENE DI-ISOCYANATE 

THREE WEEK INHALATION TOXICITY IN rHE RAT 

Batch I 

Body 'Nt Lu,.,g wt 
(g) (g) 

244 1.485 
253 1. 4;l 
253 l. 423 
272 1. 76! 

256 1.540 
7 0.075 

Batch I 

Body wt lung wt 
(g) (g) 

155 1. 360 
~ -

l53 1. 659 
157 l. 619 

155 1.546 
1 0.094 

APPENDTX 7 -continued 

LUNG WEIGHTS - FEMALES 

TABLE 4 

Batch I I 
, .. 

Lung % Body Rat No Body wt lung wt 
(g) (g) 

0.609 837 241 1.33':3 
0.589 838 239 1.230 
0.562 839 239 1.311 
0.643 840 ?.79 1. 525 

-
0.601 250 l. 351 
0.017 10 0.062 

Group 253 1.446 mean 
SEM 5. 0.058 

Batch II 

Lung % Body Rat No Body wt lung wt 
(g) ( 9) 

0.877 861 - -
- 862 - -

1.084 863 - -
.031 864 141 1.593 

0.997 141 l. 593 
0.062 - -

Group 152 1.558 mean 
SEM I 4 0.067 I 

86. 

Lung % Body 

0.556 
0.515 
0. 549 
0. 547 

0.542 
0.009 

0.572 
0.015 

lung % BoJy 

-
--

1.130 

1.130 -
1. 031 I 
0.055 I 

: 
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. TOLYLENE 0!-ISOCY.A.NATE 

THREE WEEK INM~~ATION TOXICITY IN THE RAT 

APPENDIX 8 

ANALYTICAL DETAILS OF TEST COMPOUND 

Batch No: ABH2146 
Colour (Hazenunits): 10 
Strength ( MW • 17 4 . 2 ) : 100% 
Hydrolysable chlorine: 0.0068% 
Total ch 1 or ine: 0.02% 
Acidity .(AS HCl) : 122% 
Isomer ratio: ., 2. 4 isomer 
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TOLYLENf 01:1SOCYAHAT[ 
TliREE WEEK INHAlATION TOXICITY IN THE RAT 

APPENDIX 9 
StlltARY Of MJOR IUSTO~ATHOLOGICAL fiNDINGS HI NASAL PASSAGES, LARYNX, TRAOIEA, LUNGS, CERVICAL LYHP~ NODES 

SALIV~IlY GLANDS, SPLEEN AND TIIYMUS 

Male female 
Ttssue/Pathological finding Gro~p I Group 

I I I Ill IV ! I I III IV 

----f-- ----
Nu.ber of an1.als exa.ined/group 8/8 8/8 8/8 £)/ 8 8/8 8/8 8/8 8/8 
~~sal~ssages: Number examined 0 8 8 8 0 8 0 8 
Mild/erate acute rhinitis 0 8 4 0 0 6 5 0 
Epitllel ial degeneration 0 8 3 0 0 7 6 0 
Necrotising rhinitis -moderate 0 0 4 0 0 I 0 3 0 

naarked 0 (\ 0 8 0 0 0 8 
Epithelial hyperplasia 0 7 8 0 0 0 a 8 
Squa.ous metaplasia 0 1 3 B 0 2 4 8 
Subllucosal chronic 1nflannatory infiltration 0 0 4 0 0 '\ 3 u 
f oc a 1 chron i c rh ; n 1 t1 s 0 0 0 0 1 0 0 0 

L~r~x: Number examined 7 8 7 7 6 7 7 8 
Fora epithelial degeneration/necrosis 0 0 0 2 0 0 0 3 
Epithelial hyperplasia 0 1 4 4 0 2 6 4 
Squa.ous metaplasia 0 1 1 4 0 0 2 4 
Submucosa 1 chronic in flai!Datory ( lympi.acyt ic) infiltration 0 0 5 0 1 0 2 0 
Mild/acute laryngitis 0 J 0 2 c 0 1 4 
lnf lclllllatory debris in lutaen 0 0 1 2 0 G 1 4 

Trachea: Nuaber ex aall ned 7 0 8 J: 7 7 7 7 "' 
Epithelial degeneration/necrosis 0 0 2 1 0 0 0 6 
Epithelial hyperplasia 0 1 5 4 0 1 4 6 
Suht11ucosal chronic infla11111atory infiltrat ton 0 1 5 0 0 0 0 0 
~ild acute tracheitis 0 0 3 3 0 0 1 3 
lnflannatory debris in lunaen 0 0 1 1 0 0 0 LJ -

n 
-~ r 
........ ..... ........ 
-"' 
N 
00 
01 

00 
00 



TOLYLENE DI-ISOCYAHATf 
TitREE WEEK INHALATION TOXICITY IN TilE RAT 

APPENDIX 9 - continued 
SUMMARY Of MAJOR HISTOPATHOLOGICAL fiNDINGS IN NASAL PASSAGES. LARYNX, TRACHEA. LUNGS, CERVICAL LYMPH HODES 

SALIVARY GlANDS, SPLEEN AND TliYHUS 

Lunq: 

tcecr 
sligh 
~~ark 
Bron 
Per 
Per 
Polyp 
Gob 
!)ron 
Bron 
Bron 
Alve 
Alve 
Chr~ 
Alve 
1\cut 
Hilt 
Per 
Per 
inf 
110ue 
foca 
Per 

Tissue/Pathological finding 

Nt..ber ex~ined 

t1sing bronchitis/bronchiolitis 
t 
:1 
1ial/broncniolar dilatation 
roochial/bronchiolar chronic 1nflannatory infiltration 
~onch ia 1 /branch 1o lar epithe 11 a 1 hyperplasia 
forMation/submucosal fibrous proliferation 

t cell differentiation 
aial squamous epithelial 111etaplasta 
'lial/bronchiolar debris/plugging 
1iolar/alveolar collapse 
Jar oede.a/fibrin/hyaline body formation 
lar h ist iocytos is 
ic interstitial infiltration ~lld/o~ fibrosis 
Jar epithelialisation 
alveolitts/neutrophtlia 

acute bronchitis/bronchiolitis 
ronchiolar/perivascular neutrophilia 
roncha 1 /bronchi o 1 ar lyu~hocyt i c accu111J 1 at ions I 
trat ion; soaae slight to moderate 
ate to marked 
dn·onic brooch it is/bronchial His 

ascular- chronic inf la.••uatory (lymphocytic) infiltration 

Hale 
Gro~p 

I II III 

8 8 8 

0 0 4 
0 0 0 
0 0 1 
0 1 . 7 
0 2 8 
0 Q 1 
0 0 0 
0 0 0 
0 0 5 
0 0 3 
0 0 1 
l 1 4 
0 0 0 
0 0 0 
0 0 2 
0 1 0 
0 0 2 

I 

3 5 5 
0 1 ., 

..1 

0 4 4 
0 0 0 

female 
I 

Grot· ~ 
IV I II III IV 

8 B 8 8 8 

6 0 0 5 5 
1 0 0 0 3 
7 0 0 2 8 
7 0 0 8 5 
8 0 0 8 8 
0 0 0 3 4 
1 0 0 0 0 
5 0 0 0 5 
8 0 0 4 7 
2 0 0 1 6 
£ 0 0 2 7 
7 0 2 8 8 
4 0 0 2 6 
3 0 0 0 2 
5 0 0 2 I 3 
1 0 0 0 0 
1 0 1 2 2 

0 1 4 7 1 
1 0 1 1 1 
0 0 2 4 0 
0 1 0 2 0 

._____ 

n 
;:J 
....... 
-f ....... __. 
N 
co 
0\ 

m 
·.o 



TOLYLENE OJ-ISOCYANATE 
TUREE WEEK INHALATION TOXICITY IN THE RAT 

APPEHCP 9 - continued 

SllttARY Of MAJOR HISTOPATHOLOGICAL fiHDINfS IN NASAL PASSAGES, LARYHX, TRACHEA, LUNGS. CERVICAL LYHPtl NODES 
SALIVARY GLANDS. SPLEEN AND TIIYHUS 

~--
--

Hale female 
T1ssue/Patho1og1ca1 finHng r-r.J"' I f;roJp Ul 'J 1-' 

I II III IV I II III IV 

~ervical l~h ttode: Nl.llber examined 5 B 7 7 B 0 B 7 
~ight foca acute l~adenitis 0 1 1 1 0 0 2 1 
Hae.orrhage/erythrophagocytosis 0 0 1 0 0 0 2 0 

Salivary 'lands: Nullber examined 7 0 8 . 8 8 8 7 0 
ST a 1 oaJen t 1 s 0 0 1 . 1 0 0 0 2 

~een: Hudler examined · 8 8 B 8 8 0 8 B 
· illTshrunken 0 0 0 7 0 0 0 7 
llaemopoi~sis -Minimal 0 0 2 7 0 3 3 8 

roderate/makred 3 0 0 0 4 0 0 0 

~s: Nuai>er exclloined B B 8 8 B 8 8 6 
hoaerife/marked involution 0 0 0 0 0 0 0 6 i 

n 
-t 
I 
........ 
-i ........ 
....... 
N 
00 
0\ 

\0 
0 
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TOLYLENE DI-ISOCYANATE 

THREE WEEK rNHALATION TOXICITY IN ; .. E RAT 

APPENDIX 10 

COMPOSITION OF STOCK DIET 

Finely ground oarley 26.34 
Maize meal 9.11 
Bran 18.08 
Sussex ground oats 18.30 
~hite fishmea1 (crude protein 66%) 4. 46 

Yeast 1.34 
Dried skimmed milk (crude protein 33%) 13.17 
Fine meat and bone meal (crude protein SO%} 8.71 
Salt 0.45 
1 Nuc 1 o 1 P No 7 + B 2 0 . 04 

100.00 
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TOL YLENE DI -ISOCYANATE 

THREE 'otiEEK INHALATION TOXICITY IN ThE: RAT 

APPENDIX 11 

LABORATORY TEMPERATURE 

Day ri ·:Jmber Ma.x ( • F) Min (•F) 

0 80 64 

1 80 64 
4 80 54 

5 net recvrded 
6 80 54 
7 82 e;a 
8 82 68 

11 72 59 
12 not recorde . 
13 not recordeo 
14 not recorded 
15 not recorded 
16 72 60 
17 72 60 
18 70 62 

19 72 62 

20 76 64 

21 76 64 
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TOlYLENE DI-ISDCYANATE 
THREE-UEEK INHALATION TOXICITY II THE RAT 

APPENDIX 12· 

HAEHATOlO&T PAKAftET£RS r eAY 21 FEn ALE 

HI Hct RIC HCV HCU HCHC ~LT U&C 
9/ CPCV) XIO" g/ 
dl 12/1 fl. P9· dl XI0"9/l 

16.1 .448 7.8J 57. 20.4 36.0 763 7.5 
.7 .021 .34 1 • .4 .6 62. 1.2 
8 8 8 8 8 8 8 8 

16.8 .434 7.63 5]. 20.1 36.9*753 8.7 

.} .015 .31 I • .2 . :) 99 • 1.2 
8 8 8 8 8 8 8 8 
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II( AI 
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TOLYlENE DI-ISOCYAHATE 
THREE-U££K INHALATION TOXICITY IN THE RAT 

HAEHAJOLO&Y PARAMETERS a .AY 21 KALE 

HD Net RlC HCU KCH KCHC PLT UBC 
g/ , ,CU) 110· g/ 
d! 12/l fl. pg. dl XI0"9/l 

17.1 .470 8.26 57. 20.5 36.3 774 11.6 
.8 .016 .40 2. .7 .6 82. 1.7 

• 8 8 8 8 8 8 a 
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* * ** ** * * ** ** 
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7 7 l 7 7 7 7 7 

APPEHOIX 12 - continued 
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THRE£-UEEK INHALATION TOXICITY IN lHE RAT 

APPENDIX 12 - continued 

HAEIIAT0l06Y PAiA"ETERS 1 DAY 21 

HI Hcl RIJC "CU "CH ftCHC fll UBC IIIFHRENTIAL 
9/ ff'CU) 110· g/ 
dl 12/l r1. pg. dl XI0-9/1 
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